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Under fire, the performance of men and machines depends on what they are made of. United States Steel 
makes the materials for the machines, whether it's a very tough armor plate, or heat-resistant alloy, or Stainless Steels. 


You might be interested in some of the USS steels developed specifically for aircraft and missiles: 

USS Strux, an alloy steel with close to 300,000 psi tensile strength primarily for aircraft landing gears; 

USS Airsteel X-200, an air-hardenable alloy steel with 230,000 psi yield strength for aircraft sheet and missile 
applications; USS 12MoV and USS 17-5 MnV Stainless Steels for high-speed aircraft and missiles; 


Stainless ‘‘W",, a precipitation-hardenable Stainless Steel. 


New special metals, new methods for making them, present an 
exciting challenge. Men willing to accept this challenge—civil, 
industrial, mechanical, metallurgical, ceramic, electrical or chemi- 
cal engineers—have a future with United States Steel. For details, 
just send the coupon. 


United States Steel 


USS is a registered trademark 


United States Steel Corporation 
Personnel Division 

525 William Penn Place 
Pittsburgh 30, Pennsylvania 


Please send me the booklet, ‘Paths of Opportunity.” 
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What part of the country has the best future for your 


type of work? 


What part of the country offers an outstanding 
opportunity to enjoy your leisure? 


Where can you work and still earn advanced degrees? 


4. How important to you is the challenge of opportunity 
— and salary that matches your achievements? 


5. Where can you work with outstanding men in your field? 


... MEWS 1S HAPPENING AT NORTHROP \. 


Take this 3-Minute Quiz to 
help you determine your future 








FIVE IMPORTANT QUESTIONS... 
NOW CONSIDER THESE ANSWERS: 


1. If your interests are in the fields of 
electronics or the aircraft/missile 
industry, you will want to join the 
outstanding scientists and engineers 
in the space age center of the world 
— Southern California. 

2. If you work at Northrop you will 
live in Southern California — famous 
for its year-round vacation climate. 
Here you're close to the beaches, 
mountains and desert where you can 
enjoy an active life in the sunshine. 


3. Northrop encourages you to work 
for advanced degrees and to keep 
current with the latest developments 
in your chosen field. With Northrop’s 
program, you will continue to learn 
while you earn with no-cost and low- 
cost education at leading Southern 
California institutions. 

4. At Northrop you will work with 
the newest, most-advanced research 


and test equipment. And with over 
30 operational fields from which to 
choose you can apply your talents to 
the work you enjoy-in the fields best 
suited to your inclinations. 


At Northrop you will earn what you 
are worth. With this growing com- 
pany you receive increases as often 
as you earn them. And these increases 
in salary are based on your own indi- 
vidual achievements. 

Northrop’s vacation and fringe bene- 
fits are extra liberal. 

5. Men you work with at Northrop 
are acknowledged leaders in their 
fields. They are selected because they 
have the skill to guide younger men. 
These are men who know how to 
delegate authority, encourage your 
progress, and assure you of your 
fair share of credit for engineering 
achievements. 


IT’S NOT TOO EARLY TO PLAN YOUR FUTURE. 
WHICH OF THESE 3 DIVISIONS OF NORTHROP 
ARE BEST FITTED TO YOUR TALENTS? 


NORAIR DIVISION is the creator of 
the USAF Snark SM-62 missile now 
operational with SAC. Norair is cur- 
rently active in programs of space 
research, flight-testing the USAF- 
Northrop T-38 Talon trainer and 
Northrop’s N-156F Freedom Fighter. 
RADIOPLANE DIVISION, creator of 
the world’s first family of drones, pro- 
duces and delivers pilotless aircraft 
for all the U.S. Armed Forces to 
train men, evaluate weapon systems, 


and fly surveillance missions. Today 
Radioplane is readying the recovery 
system for Project Mercury. 


NORTRONICS DIVISION is a leader in 
inertial and astronertial guidance 
systems. Nortronics explores. infra- 
red applications, airborne digital com- 
puters, and interplanetary naviga- 
tion. Other current programs include 
ground support, optical and electro- 
mechanical equipment, and the most 
advanced data-processing devices. 


Write today for complete information about your future at Northrop. 


NORTHROP\ 


CORPORATION 


Engineering & Scientific Personnel Placement Office 
Northrop, P.O. Box 1525, Beverly Hills, California 


When writing to advertisers please mention the ConneLL ENGINEER. 











Getting beneath 


the surface of things... 





Through a newly developed X-ray diffraction technique that examines 
stress-induced changes in the spacing between atoms, General Motors Research 
physicists are now able to determine residual stresses below 

the surface of hardened steel in 25% of the time previously required. 





Room to grow should be your most basic requirement in seeking a position. 

This is where General Motors offers you an exceptional advantage. 

Depending upon your own capabilities and enthusiasm, 

you will find virtually limitless opportunity to move within a single GM division 

or to other divisions or to a staff activity. Fields of work at General Motors vary from 
astronautics to automobiles, household appliances to rocket propulsion, 

inertial guidance to isotope research—to mention a few. 

General Motors offers financial assistance to employees who wish to enter 

or progress in postgraduate studies. And undergraduates may gain from work experience 
in the summer employment program. 

Before you make your final employment decision, 

ask your placement officer about General Motors, or write to 

General Motors, Salaried Personnel Placement, Personnel Staff, Detroit 2, Michigan. 


tHNERAL MOTORS 

+H,NH 

(y e | N 

GM positions now available in these fields for men holding Bachelor's, Master’s and Doctor’s degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical, 


Aeronautical and Ceramic Engineering * Mathematics « Industrial Design ¢ Physics « Chemistry * Engineering Mechanics ¢ Business Administration and Related Fields. 


2 THE CORNELL ENGINEER 


When writing to advertisers please mention the ConnELL ENGINEER. 





Why diversification makes a better all-around man 


IVERSIFICATION of effort makes for versatility—and ver- 
satility pays off in business as well as on the athletic 
field. We’ve found that to be especially true here at Koppers. 
Koppers is a widely diversified company—actively en- 
gaged in the research and production of a wide range of re- 
lated and seemingly unrelated products, such as remarkable 
new plastics, jet-engine sound control, wood preservatives, 
steel mill processes, dyestuffs, electrostatic precipitators, coal 
tar chemicals, anti-oxidants and innumerable others. 
Because we are diversified, our work is interesting. Through 
a system of lateral movement, our engineers and manage- 
ment personnel are given the opportunity to learn many of 
the diverse operations at Koppers. The result? Versatility. 
While you are moving laterally at Koppers, you are also 
moving up. Your responsibilities are increased. Your ability 
is evaluated and re-evaluated. And you are compensated 
accordingly. 
You don’t have to be with Koppers for 20 years before you 
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get somewhere. If you have ability, ideas, spark—you'll move 
ahead, regardless of seniority or tenure. 

At Koppers, you'll stand on your own two feet. You'll get 
responsibility, but you'll also have free rein to do the job the 
way you think it should be done. No one v. ill get in your way. 

Koppers is a well-established company—a leader in many 
fields. Yet, it’s a forward-looking company, a young man’s 
company. Perhaps, your company. 

Why not find out? Write to the Manager of Manpower 
Planning, Koppers Company, Inc., Pittsburgh 19, Pennsyl- 
vania. Or, see your College Placement Director and arrange 
an appointment with a Koppers representative for the next 
recruiting visit. 


KOPPERS 


When writing to advertisers please mention the ConneLt ENGINEER. 








Take advantage of the 


MECHANICAL 
ADVANTAGE 


The screw is a combination of two 
mechanical principles: the lever, 
and the inclined plane in helical 
form. The leverage applied to the 
nut combines with motion of the nut 
around the bolt to exert tremendous 
clamping force between the two. 

One of the greatest design errors 
today, in fact, is failure to realize 
the mechanical advantages that 
exist in standard nuts and bolts. 
Smaller diameters and less costly 
grades of fasteners tightened to 
their full capacity will create far 
stronger joints than those utilizing 
bigger and stronger fasteners tight- 
ened to only a fraction of their 
capacity. Last year, one of our engi- 
neers showed a manufacturer how 
he could save $97,000 a year simply 
by using all the mechanical advan- 
tages of a less expensive grade. 

When you graduate, make sure 
you consider the mechanical advan- 
tages that RBaW fasteners provide. 
And make sure, too, that you con- 
sider the career advantages RBaW 
offers mechanical engineers—in the 
design, manufacture and application 
of mechanical fasteners. If you're 
interested in machine design—or 
sales engineering, write us for more 
information. 


RUSSELL, BURDSALL a WARD 


BOLT AND NUT COMPANY 
Port Chester, N. Y. 
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United Air Lines pilots review flight plan calculated by Bendix G-15 Computer at UAL's Operating Base, Denver, Colorado. 


BENDIX COMPUTERS ... AND HOW TO FIGURE 


YOUR FUTURE AS A PROFESSIONAL ENGINEER 


Jet air line speeds bring new com- 
plications to the problems the air- 
line captain must solve. Helping 
him to prepare and follow his Flight 
Plan are two important Bendix® 
contributions: (1) The Bendix G-15 
Computer, which makes pre-flight 
calculations of wind, weather, fuel, 
and load in seconds; and (2) air- 
borne Bendix Doppler Radar, which 
gives the pilot instant, constant 
navigation data that previously re- 
quired continual manual calculation. 


Similar Bendix scientific and engi- 
neering advances are geared to the 
entire modern industrial complex. 
Opportunities for the engineering 
graduate are nearly limitless. 


BENDIX HAS 24 DIVISIONS, 4 SUBSIDI- 
ARIES—Coast to coast, Bendix activ- 
ities are decentralized—and, at the 
same time, generally adjacent to the 
industries they serve. There is great 
latitude in choice of work area for 
the young engineer. 


SIZE AND STABILITY —In terms of 
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corporate size, Bendix ranks in the 
top 60 industrial firms (dollar sales) 
in the United States. In fiscal 1959, 
Bendix sales totalled more than 
$680,000,000. An investment in 
future sales was the $120,000,000 
in engineering expenditures. 


DIVERSE PRODUCTION AND RESEARCH 
—The graduate engineer has a 
chance to specialize with Bendix. 
He can probe electronics, nuclear 
physics, heat transfer, ultrasonics, 
aerodynamics, power metallurgy — 
and a long list of other challenging 
fields. Or, he can aim for broader 
areas of mathematics, research, ad- 
ministration, and management. 


CHANCE TO LEAD — Bendix is a di- 
versified engineering-research- 
manufacturing firm. Bendix 


ye 


AVIATION CORPORATION 
Fisher Bidg., Detroit 2, Mich 


A thousand diversified products 


products include: Talos and Eagle 
guided missiles; Doppler radar 
systems for aircraft navigation; 
numerical control systems for 
machine tools; power steering and 
power brakes for automotive 
vehicles; nuclear devices; flight 
control systems for aircraft; satel- 
lite controls. More important to you, 
as an engineering graduate, are the 
vast numbers of new projects now 
being planned — projects to which 
you can contribute your knowledge 
and ingenuity. 


BENDIX IS SYNONYMOUS WITH ENGI- 
NEERING—At Bendix, you can join 
an engineering staff of more than 
12,000 people—5,000 of them grad- 
uate engineers. 


Bendix offers you a chance to 
exercise your engineering degree 
in a real engineering capacity. See 
your placement director or write to 
Director of University and Scientific 
Relations, Bendix Aviation Corpo- 
ration, 1108 Fisher Building, 
Detroit 2, Michigan. 


When writing to advertisers please mention the ConneLL ENGINEER. 





Editorial... 


SEEN FROM THE EDITOR’S DESK 


The March issue of the CoRNELL 
ENGINEER marks the retirement of 
the 59-60 staff and the initiation of 
the magazine’s new administration. 
For those of us who are retiring 
from the magazine, June 1960 will 
terminate five years of study at 
Cornell, Five years, of course, is a 
relatively short period over which 
to reminisce. But a number of ma- 
jor changes have taken place dur- 
ing that short time, 

If we, as ENGINEER staff mem- 
bers, were to pick the single most 
significant event affecting the na- 
tion and its outlook toward educa- 
tion, we would turn to Former 
Editor Richard G. Brandenburg’s 
editorial in the November 1957 is- 
sue stating the challenge presented 
by the launching of the first Russian 
satellites. These launchings were 
largely responsible for a new na- 
tion-wide interest in engineering 
and science and a needed reap- 
praisal of American education. 

Testifying recently before a Sen- 
ate investigating committee, the 
noted missile expert Wernher Von 
Braun did not cite a lack of funds 
as the major cause for present tech- 
nical deficiencies, but the need for 
better technically trained men. We 
have firmly felt that any action 
taken by the government to speed 
our technical advancement must 
finally depend upon the graduates 
of this nation’s great universities. 

One problem has always been 
the availability of adequate physi- 
cal facilities. But even with this 
need satisfied, as it ‘has been at 
Cornell, there is a more important 
need for better instruction. With 
this fact in mind, several of our 
recent editorials have been devoted 
to a discussion of the curricula and 
necessary improvements. Unfortu- 
nately this revision has not been 
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forthcoming as quickly as we 
would hope. While much time is 
needed for careful study, we ear- 
nestly hope that sound plans for 
curricula changes will soon be put 
into effect. 

No matter how effective a cur- 
riculum we have, its success de- 
pends upon the quality of the in- 
structors we have to carry it 
through. The New York Times re- 
cently carried an article discussing 
the decline in quality of instruc- 
tion that may be resulting from an 
undue emphasis on research. While 
research is important to our na- 
tion’s technical efforts, it is of no 
use if it is carried on at the 
expense of high quality undergrad- 
uate teaching. Indeed, this is 
probably the major factor in de- 
termining the competence of the 
graduate. 


At Cornell the problem of in- 
adequate undergraduate _ instruc- 
tion has arisen. One farsighted 
alumnus has made a noteworthy 
effort to ease the situation by sup- 
plying funds for a freshman tutor- 
ing program. This program has 
benefited students in a very per- 
sonal and concrete way. It has, we 
believe, been significantly success- 
ful. Since it seems that little is be- 
ing done to remedy certain serious 
ink adequacies in the quality of 
instruction, we earnestly hope that 
additional funds will be provided 
so that students can continue to 
reap the benefits of this tutoring 
program. 


But the matter of providing the 
country with qualified technical 
personnel is not entirely solved at 
the college undergraduate level. 
High school students must be 
made aware of the many oppor- 
tunities in engineering. They must 
learn that an engineering educa- 


tion does not teach one how to be- 
come a radio ham or automobile 
mechanic but teaches techniques 
and disciplines useful in any kind 
of endeavor. 


The November issue of the Cor- 
NELL ENGINEER was one attempt to 
give students a clearer idea of 
what to expect from engineering 
education. The Cornell Society of 
Engineers has also been doing 
much worthwhile work in this area 
of University—high school liaison, 
and the Engineering Student Col- 
lege Council is now planning to 
direct its Engineers’ Day efforts 
entirely to prospective engineering 
students. 

The question of providing ade- 
quate technical training to meet 
our country’s needs is a difficult, 
but not impossible one. In the final 
analysis, we have observed that it 
is the student who must be eager 
to learn and willing to take the 
initiative if he is to get the most 
out of college. During our five 
years at Cornell we have never 
found a faculty member unwilling 
to discuss any questions we had, 
but the faculty could hardly have 
been expected to discuss problems 
with us if we had not stopped at 
their offices to talk about them. 

Students who throw up their 
hands in despair and complain that 
they cannot get the education they 
are looking for just have not tried. 
Cornell University and its College 
of Engineering are here to serve 
the student. The faculty, the ad- 
ministration, and their assistants 
have given us the basic skills and 
insights with which we will be 
better able to meet the world’s 
challenges. As Cornell alumni we 
will strive to use these skills and 
insights to support engineering 
education. A.S.R. 
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Westinghouse is the best place for talented ‘enbineers| 


I { 


; 


F. Kelly, W. J. Miller, and J. P. Tobin of the Westinghouse Atomic Power Department lift the ‘‘core plate” 
off the nuclear core for the first U.S.-built power reactor designed for use abroad (Mol, Belgium). 


Waltz Mill Experimental Reactor helps 
Westinghouse engineers solve problems 


The new Westinghouse Testing Reactor at Waltz Mill, 
Pa., provides engineers with complete facilities for an- 
alyzing the effect of nuclear radiation on various mate- 
rials, processes and designs. If a Westinghouse engineer 
is working on development of atomic fuels or the design 
of reactor components for an atomic power plant, he 
can count on help from the men at Waltz Mill. 

The Westinghouse Testing Reactor is one of only two 
such privately owned reactors in the country. It pro- 
vides a high radiation field comparable to that of a 
working reactor, and in addition has special controlled 
environment loops for the study of radiation effects at 
high temperatures and pressures. Work presently being 
carried out here for other departments of the company 
includes studies of thermionics, crystal structure, and 
thermoelectric effects as well as the work on atomic 
reactor designs and fuels. 
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The young engineer at Westinghouse isn’t expected 
to know all the answers . . . our work is often too ad- 
vanced for that. Instead, his abilities and knowledge are 
backed up by specialists like those at Waltz Mill. 

If you have ambition and ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportuni- 
ties for talented engineers. 

Want more information? Write today to Mr. L. H. 
Noggle, Westinghouse Educational Department, Ard- 
more & Brinton Roads, Pittsburgh 21, Pennsylvania. 


You CAN BE SURE...1F iTS 
Westinghouse 
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Interior of Saran Wrap* plant. 


DOW is tomorrow-minded 


product 


Publishing a complete list of Dow products—all 700 
odd of them—is an elusive project. By the time such 
a list was off the press, new names would have to be 
added to bring the list up to date. The reason: develop- 
ment of new products is the order of the day at Dow, 
every day of the working year. 


These new products are developed to meet the needs 
of the many industries Dow serves. Today’s problems 
in manufacturing and processing must be solved, and, 
as these industries advance, new chemicals and materials 
will be needed to implement tomorrow’s technology. At 
Dow, research and development aim at anticipating 
these future needs . . . thus a ‘“‘tomorrow-minded”’ 
attitude toward products is always evident. 


The product group of Dow Agricultural Chemicals, for 
example, has expanded manyfold in recent years 
through a vigorous research and developmental pro- 
gram. In the early ’50’s it consisted of two or three 
products. Today it includes many varieties of weed 
killers, fertilizers, fumigants, insecticides, feed additives 
and animal health aids. A new crab grass killer has 
recently made its debut, first in a series of new “‘ag 
chem” products slated for the homeowner market. 


Dow’s work in automotive chemistry is typical of the 


““tomorrow-minded” attitude. Dow currently supplies 
a number of chemicals and plastics materials to auto 
makers—latex-based metal primers, antifreeze, uphol- 
stery materials and brake fluids, to name a few. But a 
quick tour through Dow’s two Automotive Chemicals 
Laboratories would reveal that Dow will be ready with 
the right chemicals and plastics for the job, no matter 
which way future automotive design goes! One under 
development, for example, is a chemical that cools the 
engine by continuous boiling. 


One of the most outstanding success stories at Dow is 
that of Separan®, a product developed to fit into 
industry’s future. This chemical is a flocculant, or 
“settler” of solids in solution. Perhaps “‘super floc- 
culant”’ would be a better description because Separan 
takes minutes to do jobs that formerly took days. 
Introduced in 1955, it has gained widespread recognition 
in mining, pulp and paper and other industries. 


In such a climate of creativity and tomorrow-minded- 
ness, new opportunities at Dow are constantly opening 
up for people who have their eyes—and their thoughts 
—on the future. If you’d like to know more about the 
Dow opportunity, please write: Director of College 
Relations, Department 2426FW, THE DOW CHEMICAL 
COMPANY, Midland, Michigan. 


* TRADEMARK 


THE DOW CHEMICAL COMPANY ¢ MIDLAND, MICHIGAN <> 
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Controversy Over Nuclear Testing 
Demands That We Learn More About . 


In a single instant on July 16, 
1945, man created many fantastic 
firsts. He created the first nuclear 
explosion, the first mushroom 
cloud, the first strontium 90,—the 
first fallout. As nuclear weapons 
testing continued and bombs grew, 
scientists began to warn of the 
fallout hazard, Today we are in the 
midst of warning and _ counter- 
warning, of claim and _ counter- 
claim, of charge and _ counter- 
charge. Much of the information 
about fallout is highly specialized 
and, as such, can be interpreted 
only by specialists. However, be- 
cause all mankind is affected, all 
mankind must learn to evaluate 
the hazard. Moreover, because we 
are the sovereign citizens of one of 
the nuclear powers, we have a 
moral duty to inform ourselves for 
responsible action. It is my pur- 
pose to outline the mechanisms of 
fallout damage and to give some 
experts’ estimates of the hazard, so 
that we may better understand and 
judge the evidence and claims put 
forward. 

Fallout particles are radioactive 
debris which eventually fall to 





Nuclear explosions like the one to the 

left have covered the earth with radio- 

active substances, the most important of 

which did not exist before the explosions. 

The analysis of the extent of the hazard 

to man is made difficult by great gaps in 
scientific knowledge. 
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earth. Most fallout consists of the 
radioactive products of nuclear fis- 
sion. The prominent fission prod- 
ucts are strontium 90, cesium 137, 
and iodine 131. Other fallout com- 
ponents are created by the trans- 
mutation of elements near the ex- 
plosion. The prominent transmu- 
tation product is carbon 14. Unfis- 
sioned uranium or plutonium from 
the bomb mechanism also con- 
tribues to fallout. Atomic bombs 
are fission devices. The fission proc- 
ess yields fallout in proportion to 
the amount of material that under- 
goes fission. Hydrogen bombs are 
9 fusion devices. The added 
fusion process does not increase 
the fission product fallout; it greatly 
increases the transmutation prod- 
uct fallout. Super bombs are 
fission-fusion-fission devices. The 
added fission process greatly in- 
creases all fallout. 


Types of Fallout 


After any test, especially one 
near the surface, much of the de- 
bris will come to earth near the 
test site. This local fallout consists 
mostly of short-lived’ fission prod- 
ucts.?- Because tests are usually 
conducted in controlled areas, local 
fallout is not a hazard to mankind. 

After a low-yield* test much of 
the debris will remain suspended 
in the troposphere, This debris is 
carried east by the wind, circling 


FALLOUT 


by Dale Henderson, EP °64 


the globe in four to seven weeks. 
North-south diffusion is slow. The 
residence half-time (analogous to 
half-life) in the troposphere is a 
few weeks or months. Thus most 
tropospheric fallout is deposited in 
a narrow band at the latitude of 
the test.‘ Local concentrations de- 
pend on rain and snow. 

After a high-yield test much of 
the debris will pass through the 
troposphere into the stratosphere. 
Because there is no moisture in the 
stratosphere and because the par- 
ticles are very fine, settling is very 
slow. The residence half-time for 
stratospheric fallout is about seven 
years.’ Stratospheric fallout had 
been considered uniformly  dis- 
tributed over the earth, but new 
opinion holds that neither tropo- 
spheric nor stratospheric fallout is 
uniformly distributed.* Because of 
the long residence half-times, glo- 
bal fallout consists mostly of longer- 
lived radioactive debris. 


Strontium 90 

The most important fallout 
component known today is stron- 
tium 90, which did not exist on 
earth before the bomb tests. Some 
scientists have computed that if 
testing were to continue at the 
pre-1955 rate, from 1965 on the 
rain would contain about one- 
tenth that concentration of stron- 
tium 90 believed safe for the drink- 


11 











ing water of whole populations.’ 
Absorbtion in the soil and filtration 
would reduce the concentration. 
Thus, only people who usually 
drink rain water would be endan- 
gered by strontium 90 in their 
drinking water.* It is the accumu- 
lation of strontium 90 by our food- 
stuffs that makes it dangerous. 

Once on the ground, strontium 
90 tends to remain near the surface. 
Many plants’ roots are deep; this 
tends to lessen the amount of 
strontium 90 taken into some 
plants. Plants discriminate against 
strontium, which is chemically sim- 
ilar to calcium—especially if the 
soil contains adequate calcium. 
However, much of the calcium in 
the soil is in insoluble forms; most 
strontium 90 is in soluble forms. 
This tends to increase the relative 
concentration of strontium 90 in 
plants, In addition, strontium 90 
may be taken in directly through 
the leaves of plants. 

Further concentration takes place 
in animal processes. Like calcium, 
strontium collects in bones and 
milk. The soft tissues used as meat 
are not dangerous, Bones are 
usually discarded, unless used in 
soups or stocks, In making milk, 
cows discriminate against stron- 
tium. The net result is that the 
concentration of strontium 90 rela- 














tive to calcium in milk is one- 
eighth of that in the soil.’ In the 
United States most of the calcium 
in the diet comes from milk and 
milk products. In parts of the 
world where more of the calcium 
must come from other sources, the 
safety factor would not be as large. 
The human metabolism adds an- 
other safety factor of about two." 
The final result is reflected in a 
1955 study of U.S. schoolchildren, 
which showed the relative con- 
centration of strontium 90 in their 
bones to be about one-twelfth of 
that in the soil." 


“Hot-Spots” In Our Bones 


Any strontium 90 in the body 
will collect in regions where bone 
replacement or growth is proceed- 
ing. These regions will be localized 
areas at any one time. Once in the 
bone the strontium is eliminated 
very slowly, having a human bio- 
logical half-life of ten years. Dur- 
ing some periods of time, the 
strontium 90 concentration will be 
far above average;'* any bone 
formed while the strontium 90 con- 
centration in the body was great 
will become local “hot spots.” 
These “hot spots” will irradiate 
adjacent tissue for a long time. 
These concentrated irradiations may 
be sufficient to cause cancer." 
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U.S. Weather Bureau 


Expected distribution of fallout from all tests conducted through the spring of 1958. 
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If no further tests are held, the 
maximum concentration of stron- 
tium 90 in human bone will prob- 
ably occur in 1970 in persons born 
in 1954. Schubert and Lapp, atom- 
ic scientists, quote Dr. M. Eisen- 
bud of the Atomic Energy Com- 
mission as forecasting the limit of 
this maximum to be one-half of 
that concentration which Schubert 
and Lapp believe to be a safe limit 
for whole populations.’* This same 
estimate is one-quarter of that con- 
centration believed to be a safe 
limit by the U.S. National Academy 
of Sciences.'* The Atomic Energy 
Commission, however, does not 
foresee even a “detectable” effect 
from anything short of nuclear 
war.'® 


Other Fallout 


Cesium 137, another substance 
that did not exist on earth before 
the bomb tests, is considered the 
second most dangerous fallout com- 
ponent, Cesium 137 has a half-life 
of 30 years and a human biological 
half-life of 140 days.’ Cesium is 
chemically similar to potassium and 
spreads throughout the body. The 
level of cesium 137 in milk, beef, 
corn, vegetables, and animals has 
been reported to exceed the level 
of naturally occuring radioactive 
potassium 40.'* The concentration 
of cesium 137 in man is now only 
slight, but cesium 137 is consid- 
ered genetically important. 

Iodine 131 is an appreciable fis- 
sion product which concentrates in 
the thyroid. Large quantities of it 
have caused cancer of the thyroid; 
its effects in fallout quantities is 
not known.!” 

Carbon 14 is produced in great 
amounts by all types of nuclear 
bombs. From 1954 to 1958 the car- 
bon 14 level in the atmosphere was 
increased by ten per cent.*° Carbon 
14 has a half-life of 5568 years; the 
body does not discriminate against 
it or eliminate it. Linus Pauling 
forecasts that carbon 14 will ulti- 
mately do more genetic damage 
than all other products. 

It is important to understand 
something of why radioactive sub- 
stances are harmful. Radioactive 
substances are so called because 
they give off radiation which caus- 
es atoms to ionize or break into 
pieces, Ionization in living organ- 
isms has many effects, but in each 
case the result is the same: some 
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cell or cells are damaged. This 
damage may result in reparable 
injury to the cell, in the death of 
the cell, or in a change in the cell 
which is trasmitted to each gener- 
ation of daughter cells. In many 
cases this change will result in use- 
less fast-reproducing cells, which 
constitute cancer. If the cell af- 
fected was a reproductive cell, the 
change will result in a genetic 
change or mutation in the descend- 
ants of the organism. Nearly all 
mutations are harmful and reces- 
sive. A mutated gene will affect 
each carrier although the major 
consequences may not show up for 
generations. 

It is generally agreed that in- 
creased mutations are proportional 
to increased radiation. ( Man has al- 
ways been subjected to natural or 
background radiation.) Further- 
more, the genetic effect of radia- 
tion (number of mutations) is de- 
pendent only upon the total 
amount of radiation to the repro- 
ductive organs, irrespective of the 
length of time or the number of 
people over which the radiation is 
spread. Scientists also agree that 
there is no genetic threshold; that 
is, no dose of radiation to an indi- 
vidual so small that it has no gen- 
etic effect. Other things than radi- 
ation cause mutations, but it is not 
possible to discover what caused a 
particular mutation. 


Increased Mutation Rate 


The natural mutation rate for 
obvious hereditary defects is two 
percent. In order to compute the ef- 
fect of an increase in radiation, we 
need to know how many of the nat- 
ural mutations are due to radia- 
tion. Experts’ guesses range from 
2 to 50 percent.*' Most experts 
guess from 5 to 20 percent. The 
American National Academy of 
Sciences estimates that fallout ra- 
diation to the reproductive organs 
is 3.3 percent of the natural dos- 
age.** Others have offered both 
lower and higher estimates. Using 
different figures in their calcula- 
tions, experts come up with from 
0.1 to 2 percent increases in the 
mutation rate. 

These increases may be more 
meaningful in other terms. Dr. 
Libby of the Atomic Energy Com- 
mission estimates that fallout is 
now producing between 100 and 
1000 new mutations per year in the 
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Stratospheric fallout through the spring of 1958 (solid line) was obtained by subtract- 
ing tropospheric fallout from total fallout. The estimates of tropospheric fallout (dotted 


line) were made 


by Dr. W F. Libby. Total fallout (broken line) was taken from 


actual measurements of strontium 90 in the soil. Fallout is expressed in millicuries of 
strontium 90 per square mile of soil. 


United States alone.** J. B. S. 
Haldane estimates that 2000 new 
mental deficiencies are now added 
to each generation in the world.” 
Linus Pauling estimates that each 
ten million tons of equivalent en- 
ergy test energy eventually pro- 
duces 15,000 defective children.” 
Others say the hazards are negli- 
gible. Even without further tests, 
we will not know who is right for 
forty or fifty generations. 


Increased Cancer 

Scientists are not agreed as to 
whether or not somatic damage 
(principally leukemia and cancer ) 
is proportional to dosage. Neither 
are they agreed as to whether or 
not a threshold exists for the somat- 
ic effects of radiation. The Atomic 


Energy Commission states that 
man’s long exposure to back- 


ground radiation suggests that such 
a threshold does exist.2° Some ex- 
periments with animals indicate a 
threshold, but the occurence of 
leukemia in man indicates a simple 
proportional relationship.** No ex- 
periments have been carried out 
with radition close to background 
levels.** Scientists are agreed that 


they do not really know about 
somatic damage. 

Linus Pauling asserts that the 
Bravo test of March 1, 1954 will 
cause 10,000 people to die of bone 
cancer and leukemia. He adds an- 
other 90,000 deaths by other dis- 
eases, making a total of 100,000.*° 
Dr. E. B. Lewis of the California 
Institute of Technology estimates 
that 8000 deaths per year would re- 
sult from strontium-90-induced leu- 
kemia if testing continued at the 
1958 rate.*® Dr. H. B. Newcombe 
of Atomic Energy of Canada, 
Limited, estimates that 22,000 cases 
per year would be the upper limit 
for bone cancer from continued 
testing.*! Pauling estimates that the 
total number of deaths from 
continued testing would be 100,000 
per year. Many others, including 
the Atomic Energy Commission, as- 
sert that no significant effects 
would result from continued test- 
ing at past rates.” 

No one really knows what the 
extent of damage from fallout may 
or may not be. In 1957 the Joint 
Committee on Atomic Energy 
found that “ further testing 
over the next several generations 
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at the level of testing of the past 5 
years could constitute a hazard to 
the world’s population.”** As I have 
pointed out, many responsible sci- 
entists believe that the tests already 
conducted will do too much dam- 
age; others see no danger from 
continued testing. Although we do 
not know many of the factors 
necessary to evaluate the dangers 
without guesswork, we do know 
that each nuclear explosion leaves 
radioactive debris that continues 
to fall to earth years afterward. We 
know that eventually some of the 
debris is concentrated in our 
bodies. We also know that radia- 
tion causes mutations and diseases, 
although we do not know what the 
extent of the hazards from fallout 
is. The decision whether or not 
testing should be continued should 
be considered by each of us, not 
by only those doing the testing. I 
believe the potential hazards 
from fallout far outweigh any pos- 
sible gains from testing. The 
answers to the unanswered ques- 
tions about fallout will come; I 
would rather they come from lab- 
oratory research than from bitter 
experience. 


FOOTNOTES 


‘Le., products with short half-lives. 
A half-life is that time after which half 
of a given amount of a given radioactive 
substance will have decayed. After one 
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half-life, one-half will remain; after two, 
one-fourth; after three, one-eighth; etc. 

* A. Pirie (editor), Fallout: Radiation 
Hazards from Nuclear Explosions (Lon- 
don, 1957), p. 40. 

* Nuclear explosions are rated in terms 
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tons) of TNT needed for an equivalent 
energy yield. 

‘Samuel Glasstone (editor), The Ef- 
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Atomic Energy, Summary-Analysis of 
Hearings Held on May 27-29 and June 
3-7, 1957, On the Nature of Radioactive 
Fallout and Its Effects on Man (1957), 
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Iso-lines represent the concentrations of strontium 90 fallout as distributed throughout the world. The measurements were made on 
soil samples collected by the U.S. Department of Agriculture in 1958. 
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Faster-Than-Ever Handling of Increased 
Volumes of Mail To Result From... 


MODERNIZING THE POSTAL SERVICE 


Last year the post office de- 
livered 61 billion letters and one 
billion packages. The department 
anticipates a steady increase in 
this volume, and in twenty-five 
years expects to handle double last 
years amount of mail. To handle 
such a deluge, the Post Office De- 
partment is undergoing a modern- 
ization program affecting many 
aspects of its operation. Everything 
from self-service post offices to 
completely mechanized mail proc- 
essing centers are being planned 
and developed. Postmaster General 
Summerfield’s ultimate goal in mail 
handling is one-day delivery any- 
where in the United States. The 
obstacles to this goal are not only 
in transportation, since a jet car- 
ries a letter across the country in 
five hours. The big bottlenecks oc- 
cur at the processing centers where 
the mail is received for distribution. 

The best way to illustrate the 
postal service of the future is to 
follow a letter processed by the 
ultimate in equipment that is en- 
visioned today, 


Self Service 

A piece of mail might begin its 
journey at a self-service commu- 
nity post office. This post office 
would have no personnel on duty 
but would provide service by means 
of vending machines attractively 
housed in the walls of a suitably 
designed modern building. 

One of the vending machines 
would accept a large number of 
coins, registering, in lights on the 
front panel, credit equal to the 
value of the coins. A person could 
then push a button to obtain writ- 
ing paper, stamped envelopes, post 
cards, stamps of various denomi- 
nations, or other items from the 
machine. The price of these items 
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would be subtracted from the cred- 
it registered on the front panel 
and a button marked “change” 
would return coins equal in value 
to the credit not used, Letters 
mailed in the post office would be 
put in slots marked “Local,” “Out 
of Town,” or “Air Mail and Special 
Delivery” to speed distribution. 
Another machine would have a 
large chamber built into the front 
for the reception of packages. The 
floor of the chamber would be the 
pan for a scale which would regis- 
ter the amount of postage necessary 
to send the package to different 
postal zones. Information could 
also be supplied about the cost of 
insurance, if desired. When the 
correct amount in coins is put into 
the machine the postage would 
be automatically stamped on the 
package and the pan would tip 
toward the rear, dumping the pack- 
age into a bag, ready for mailing. 
Periodically the community post 
offices would be serviced, with the 





supplies in the vending machines 
being replenished and the stamped 
letters and packages being picked 
up and delivered by truck to the 
nearest distributing station. 


Automatic Processing 


At the distributing station, the 
canvas bag of mail would be un- 
loaded from the truck and fastened 
at a bottom corner to an overhead 
conveyer. This conveyor would 
carry the upside down bag to 
a dumping platform for collected 
mail. Here the fastener which 
closes the opening to the bag 
would be opened and all the mail 
in the bag would fall to the dump- 
ing platform. A wide transport belt 
would carry the dumped mail to 
culling machines which would 
mechanically separate it by size 
and shape. 

One type of culling machine 
consists of moving barrier belts 
positioned at forty-five degrees 
across the transport belt. The first 
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U.S. Post Office 


New “Gateway” Post Office, when built at Oakland, California, will be the world’s 
largest fully mechanized postal facility. 
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U.S. Post Office 


New semi-automatic machine, in operation at Washington, D.C., sorts 14,000 outgoing 

parcels an hour to thirty-two different points. The operator places a parcel on one of 

the moving trays, and presses a button which tells the machine where the parcel is 
going. The device then tilts the parcel off at the appropriate destination. 


barrier belt might be one-half inch 
above the transport belt to sweep 
large parcels off. A second barrier 
belt might be one-quarter inch 
above the belt to sweep off thick 
or bent letters. Passable letters 
which might get swept off with 
thicker items have a chance to be 
separated on a second transport 
belt below the first. Letters from 
the two transport belts are chuted 
to a feeder hopper which feeds the 
letters to a tilted belt. Surges of 
letters in excess of 30,000 pieces 
per hour slide off this belt and are 
returned to the feeder hopper. In 
this way a smooth supply of mail 
to the next stage is assured, 


Cancellation and Facing 

In the next stage step machines 
automatically face the letters and 
cancel the stamps. A machine has 
been developed which can do this 
at the rate of 30,000 letters per 
hour, A photo-electric cell detects 
the different amount of light re- 
flected by the stamp in relation to 
that reflected by the envelope. 
Photo cells scrutinize both sides of 
the bottom part of the envelope as 
it flashes by, If a stamp is detected 
it is faced and cancelled by a can- 
celling die and than a gate is ac- 
tivated to remove the cancelled 
envelope from the stream of mail. 
If no stamp is detected the envel- 
ope passes through the machine to 
a system of belts which inverts the 
envelope and passes it to another 
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machine similar to the first. This 
machine now scrutinizes what was 
the top half of the envelope in the 
previous run through and cancels 
the remaining stamps. If no stamps 
are detected the envelope is passed 
into a stack of unstamped envel- 
opes. 

After cancelling and facing, the 
stacked letters are placed in trays 
which are carried by a conveyor to 
the place where they are to be 
sorted, If there is an overload in 
the sorting work the trays can be 
switched to an auxillary overhead 
track where they are stored until 
needed. 


Sorting, even today, is a gigantic 
clerical job in which an army of 
“sorters” reading the addresses 
place the letters in appropriate 
compartments or separate boxes 
within reach of each “sorter.” 
There are usually two sorting op- 
erations. The “primary sort” sepa- 
rates the letters by states and some 
large cities within the states. A 
“secondary sort” separates the let- 
ters for cities and towns within the 
state. Periodically all the letters to 
a certain destination are called for. 
The “sorters” then take all these 
letters from their compartments 
and place them on a moving con- 
veyer belt under the sorting cases 
which carries them to an assembly 
area at a central location. 

In the future post office the 
stacked, cancelled letters will be 
fed one at a time by a conveyer in 
front of the sorter operator. He 
will read the address on the letter 
and then punch a code for that 
particular address on a keyboard. 
The keyboard will activate a mem- 
ory system which will remember 
the destination of each letter 
going through the machine. The 
memory system might be either 
electrical, mechanical, or a combi- 
nation electro-mechanical one, A 
mechanical system already devel- 
oped uses twelve nylon wheels, 
each of which can be moved lat- 
erally on a rod into either of two 
positions. The positions of the 
wheels correspond to the code 
punched for the address on the en- 
velope. The wheels and rod roll 
along a track until a point is 





U.S, Post Office 


“Mail Flo” moves trays of mail between sorting areas within post offices smoothly and 

efficiently. Already, Mail Flo is installed in eight postal facilities, and eight new instal- 

lations are being installed now which will have a capacity of eight million pieces of 
mail an hour. 
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reached where a set of depressions 
exactly corresponds to the positions 
of the wheels. At this point the 
wheels and rod drop, activating a 
mechanism to release the letter 
into the proper separation compart- 
ment. Such a system will speed up 
the sorting of the letters because 
the sorter can punch the code 
faster than he could place the letter 
into a compartment. Also, the 
sorter is not restricted to the small 
number of separations which are 
within the limit of his reach in 
manual sorting. 

In addition, letters with type- 
written addresses may be processed 
by an electronic address scanning 
machine which will “read” the city 
and state. Such a machine has been 
developed. It will be placed in op- 
eration as soon as it is perfected 
and related equipment is devel- 
oped. 

Packages can be sorted in much 
the same way. An operator can 
read the address on a_ package, 
punch a code, and place the pack- 
age on a pan in a moving conveyer 
in front of him, The pan is carried 
over a long line of chutes. When 
the proper one is reached, the mem- 


ory unit activates a mechanism 
that tilts the pan and dumps the 
parcel. 


Rapid Transportation 


The sorted mail is put in labeled 
bags and moved to the truck, rail, 
and air terminals for shipping. Air 
transportation is used for items 
marked “air mail,” and, since 1953, 
for some first class mail whenever 
space has been available. 

Trucks are used in a new de- 
livery system called the “Metro 
Plan.” This system permits one day 
delivery between points within 
large areas surrounding cities, For 
instance one day delivery is pro- 
vided in a twenty-two county area 
surrounding Washington, D.C. in 
Maryland and Virginia. “Metro 
Plans” have been established in 
thirty-five areas, and as they ex- 
pand they will overlap and finally 
permit one day delivery between 
any two cities, 

Along the routes of the carriers, 
mailsters are being used where 
possible. These are small, three 
wheeled, gasoline powered ve- 
hicles which can carry up to 500 
pounds of mail. A mailman is pro- 


hibited by law from carrying on 
his back more than 35 pounds 
of mail at one time. Thirty-five 
pounds is equivalent to about one- 
fifth of a normal mail route load, 
so the mailman has to return to the 
post office or have trucks deliver 
more mail to him along his route. 
With the Mailster, the mailman 
can take with him all the mail for 
his route, including parcels, when 
he leaves the post office. 

The new red, white and blue 
color scheme on Post Office equip- 
ment even has special significance. 
These colors greatly reduce acci- 
dents since they are more readily 
visible at night than the old dark 
olive color. 

All the new equipment that has 
been mentioned here is already in 
field operation or is undergoing 
testing and evaluation at the post 
office laboratory in Washington, 
D.C, Much new equipment will be 
included in the new post offices 
now under construction, and the 
progress already made indicates 
that the Post Office Department is 
well on the way to providing faster, 
more efficient service in years to 
come. 
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Ready in March... 


DIFFERENTIAL EQUATIONS 


New Second Edition 


By Ralph P. Agnew, Cornell University 


An elementary textbook and a reference book for mathematicians, engineers, and physi- 
cists. The new edition represents a spirited and thorough revision which has been enthusi- 
astically received by top reviewers. 


The author has made a special effort to present the material in an understandable fashion. 
The treatment of numerical methods has been greatly expanded, and a new chapter on 
Laplace transforms has been added. The material has been substantially reorganized. A 
greatly expanded list of problems has been added. 


Send for Your On-Approval Copy 
McGRAW-HILL BOOK COMPANY, Inc. 


New York 36, N.Y. 
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Robert M. King (B.S.E., Princeton’57, M.S., Carnegie Tech) is investigating applications of the electronic computer in advanced computer 
design. A skilled computer programmer, he has done original work in organizing programs that make possible computer self-diagnosis. 


When writing to advertisers please mention the ConnELL ENGINEER. 
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HE GETS COMPUTERS TO 
DIAGNOSE THEIR OWN FAULTS 


With the increasing size and complexity of modern computers, one 
of the most interesting problems that engineers face is the rapid 
and efficient location of failures within the system. 


The method which they have found most practical is to use the 
speed and logical abilities of the computer itself to make the 
diagnosis. Programming computers to perform this function is the 
job of Robert M. King. 


The Diagnostic Technique 

He prepares programs for the computer which actually simulate 
the deductive processes of a man investigating the faults of the 
machine. Each program instructs the computer to exercise various 
segments of its circuitry in a logical order. 

The result of each test is checked against the correct result, stored 
in the computer memory, of previous tests of the same circuitry 
when in proper working order. If the results do not agree, a mes- 
sage is automatically typed which indicates the failure and which 
component caused it. 

A computer is particularly adept at this job. It can take into con- 
sideration simultaneously a large number of factors. It can also 
work at very high speeds. Once a program is properly written, the 
computer makes no errors. Appropriately enough, diagnostic pro- 
gramming often aids in designing better computers. 


A Programmer's Background 

Computer programs are the result of ingenious applications of 
many intellectual qualities. Computer design and language are 
based on sound laws of logic. Therefore an important prerequisite 
is the ability to analyze complex problems and to deduce from them 
useful methods of solution consistent with machine requirements. 


If you think you might be interested in working in one of the many 
fascinating areas of computer programming, you are invited to 
talk it over with an IBM representative. The future can be as un- 


limited as the future of the computer itself. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 
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Dawn Of A New Era In 
Scientific Thinking .. . 


THE CONCEPT OF RELATIVITY 


The motions of bodies included 
in a given space are the same 
among themselves, whether 
that space is at rest or moves 
uniformly forward in a straight 
line.—Sir Isaac Newton, 1687 


The above physical principle, 
known as the Newtonian or Gali- 
lean Relativity Principle, is the 
basis of almost three hundred years 
of speculation, theory and research 
which finally led to Einstein’s im- 
mortal Theory of Relativity. 


The Ether Controversy 

Newton had often pondered the 
problem of distinguishing between 
relative and absolute motion. He 
considered that space itself might 
be the so-called “fixed frame of 


LIGHT 
SOURCE 


by Richard N. Karnes, CE °62 


reference.” He regarded space as 
a physical reality—stationary and 
immovable. Even before Newton, 
Descartes reasoned that the very 
fact that bodies were separated by 
distance proved the existence of a 
medium between them. When sci- 
entists showed that light consists 
of waves which could travel 
through a vacuum, they concluded 
that space was indeed made up of 
a substance, for it was inconceiv- 
able that a wave could travel with- 
out a medium to support it. This 
substance was termed “ether.” 
Finally, after the discovery of elec- 
tromagnetic waves, and that light 
itself is an electromagnetic wave, 
the existence of the ether seemed 
assured. 

In 1881 two now-famous physi- 


TELESCOPE 


Richard Karnes 
Fig. 1. Interferometer was devised by Michaelson and Morley in an effort to deter- 


mine the existence of ether. Mirror A reflects some of the light, allowing the rest to 
pass through it. Since the beam to mirror C must pass through mirror A three times, 
a glass plate is used in the beam to mirror B for compensation. 
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cists, A. A. Michelson and E. W. 
Morley, decided to determine 
whether the ether really existed. 
For this purpose, they constructed 
an amazingly precise instrument 
known as an interferometer (Fig. 
1). Two beams of light are sent 
out from the same source, one in 
the direction of the movement of 
the earth through the ether, and 
one perpendicular to this move- 
ment, The two beams are then re- 
flected back to an eyepiece such 
that both beams are of exactly the 
same length. If the ether really ex- 
isted, its motion relative to the 
earth would slow the beam sent 
out in the direction of this motion, 
while leaving unaffected the beam 
sent out perpendicular to the mo- 
tion, and the discrepancy between 
the travel-time of the two beams 
would be detected by observing 
the interference of the two beams 
upon their convergence in the eye- 
piece. Surprisingly, the results of 
the experiment were negative; that 
is, there was no observable differ- 
ence in the time it took each of the 
beams to travel their separate 
courses. This left two obvious al- 
ternatives, both of which seemed 
impossible to accept: 1.) The ether 
did not exist. 2.) The earth is mo- 
tionless, Various other explanations 
were offered, among them the fol- 
lowing: a.) Ether drag. The earth 
dragged some ether along with it, 
much the same as a ship drags 
some water with itself. But if this 
were true, we would always ob- 
serve the light from a star as com- 
ing from the same direction, which 
is not the case.’ b.) The velocity of 
light is constant with respect to its 
source, This explanation was con- 
trary to the belief that the velocity 
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of light is constant in the carrying 
medium, much as the velocity of 
sound is constant in the air, re- 
gardless of the velocity of the 
source, Also, if the velocity of light 
were constant with respect to its 
source, the difference in velocity 
with which the light from opposite- 
ly-rotating double stars would 
reach the earth would make it ap- 
pear that the star approaching the 
earth were moving faster than the 
one receding from the earth. How- 
ever, observations show that all 
double stars appear to be rotating 
around each other with uniform 
velocity. 

The “Fitzgerald-Lorentz contrac- 
tion” was formulated for the ex- 
press purpose of explaining the re- 
sults of the Michelson-Morley ex- 
periment. The theory goes some- 
what as follows: The force exerted 
by the ether on an object contracts 
or “pushes in” the object in the 
direction parallel to the flow of the 
ether relative to the earth. This ef- 
fect would shorten the arm of the 
interferometer pointing in the di- 
rection of the ether flow, while it 
would leave unchanged the length 
of the arm perpendicular to the 
flow. Fitzgerald and Lorentz sug- 
gested that this contraction was 
just enough to permit the light 
beams to take precisely the same 
time to return to the eyepiece. Of 
course, the contraction was impos- 
sible to measure, since all measur- 
ing devices contracted the same 
amount per unit length in the same 
direction. 


Theory Criticized 

There was a good deal of skep- 
ticism over the Fitzgerald-Lorentz 
theory, especially because all ma- 
terials, both hard and soft, were 
supposed to undergo the same 
amount of contraction. It did not 
seem logical that, say, iron would 
contract as much as wood, a much 
softer material. Lorentz later bol- 
stered the theory with his electron 
theory, which stated that matter 
is made up of electric charges 
which are influenced by the fields 
residing in the ether. «4 See 
ether was definitely believed to ex- 
ist, but all the reasons for its exis- 
tence were insecure, and all efforts 
at its detection failed. Meanwhile, 
a young patent officer in Switzer- 
land was pondering the problem. 
He was Albert Einstein. 
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Fig. 2. Two persons can never observe the same event simultaneously. A sees the 
light on the left go on first, while B would believe they both went on simultaneously. 


In 1905 Einstein published his 
Special Theory of Relativity based 
on one seemingly simple state- 
ment: “All the phenomena of na- 
ture, all the laws of nature, are the 
same for all systems that move 
uniformly relative to one another.” 
From this statement Einstein ar- 
rived at two postulates: 1.) The 
ether cannot be detected. 2.) The 
velocity of light is always constant 
relative to the observer. Einstein 
reasoned thusly: Nothing can be 
construed as being stationary, as 
everything is moving relative to 
everything else. Stationary ether, 
according to the ether theory, pos- 
sesses absolute motion because it is 
the only motionless thing in the 
universe. But we cannot detect any 
motion except relative motion. 
Therefore the ether, whether it ex- 
ists or not, is undetectable. As for 
the idea that the velocity of light 
is constant relative to the observer, 
this seemed to be the logical ex- 
planation for the results of the 
Michelson-Morley experiment and 
the double-star phenomenon, The 
second postulate, harmless as it 
may sound, was to change the 
modern concept of the universe. 
As a simple example of its implica- 
tions, consider two automobiles 
traveling toward each other, each 
at a speed (for illustration’s sake ) 


of forty miles per second. There is 
a light source at the point where 
the two autos pass each other 
which emits a ray of light at the 
instant the autos pass. One second 
later, the two autos are eighty 
miles apart, but the ray of light is 
186,284 miles (distance light 
travels in one second) away from 
BOTH autos, not 186,244 or 186,- 
324 miles, as one would expect. 
This example therefore suggests 
that distance, and perhaps even 
time, are merely relative. 


“Time,’’ the Fourth Dimension 


Einstein also stated that the 
word “simultaneity” is meaning- 
less. For instance, if a person 
standing midway between two 
lighthouses (Fig. 2) sees both 
beacons go on at the same time, an- 
other observer in a different posi- 
tion sees them go on at different 
instants because he is closer to one 
of the lighthouses, and it takes the 
light from the near beacon less 
time to reach him than that from 
the far beacon, Nor can two suc- 
cessive events ever take place in 
exactly the same location. Suppose 
you drive a stake into the ground 
and then pull it up. Since the earth 
is continually moving to a different 
location in space, the place where 
you drove the stake into the 
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Simple addition doesn’t hold in computing relative velocities. 


ground is somewhere out in space. 
Also, at the very moment you pull 
up the stake, an observer several 
hundred thousand miles away will 
be seeing you driving the stake in- 
to the ground at your previous lo- 
cation, for the light from that event 
will have just reached him. There- 
fore, in order to completely de- 
scribe a location, time, as well as 
the three coordinates of Euclidean 
space, must be specified. Hence, 
the old three-dimensional space 
was replaced by a four-dimensional 
space- -time continuum, In order to 
describe many of the above-men- 
tioned phenomena mathematically, 
Einstein developed a new branch 
of mathematics known as_ tensor 
calculus. However, the derivation 
of the basic equations is within the 
limited scope of the writer, and 
will now be presented, 

In order to specify any point, 
four coordinates must be given: 


Xo Reo Kit (time) 


Let L 
of light. 
Then 
X,7-+ Ax.?+ As;° 
il—ict 


ct, where c is the velocity 


AL?=0 


Let X.2 
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— Ax,” + Ax.?+ Axs? + Ax,?=0 


After aDronnti of the above 
equation with the usual Euclidean 
Transformations, we obtain: 


X;- vt 
Vi Vv? c? 
X3= X; 

=e 


X!= 


a RAL 
aro 


where V equals velocity relative to 
the observer, and V,. is the veloc- 
ity of body No. 1 with respect to 


body No, 2, the bodies having 
velocities of V, and V., respectiv ely. 


(These equations, excluding the 
one for “t,” are the same as those 
developed by Lorentz for the con- 
traction theory, and are therefore 
known as the Lorentz Transforma- 
tions. ) 

Now, let s equal length or dis- 
tance. Then, in two systems moving 


relative to each other, s’ #s, and t/ 
#t’, but v, the relative velocity, is 
the same for both systems. Then, 


$V s'= vi 


piss 
OE 
| : i ‘ 
o 


From the above equations it will 
be seen that no object can ever 
equal or exceed the velocity of 
light. However, according to New- 
ton’s second law, any force, no 
matter how small, will impart a 
steady acceleration to a body 
eventually enabling it to attain any 
desired velocity, no matter how 
great. Einstein pondered this, and 
decided that mass is also relative, 
and that, as a body approaches the 
velocity of light, its mass increases 
with infinity as a limit. Thus, it 
would take an infinite force to ac- 
celerate an infinite mass. Einstein 
derived the following formula: 


from which s’=s 


Mm, 
m= 
V 1—v?/c? 

where m, is the rest mass of the 
body and m is its mass while in 
motion. 

By manipulating the above equa- 
tions, Einstein also derived the 
remarkable equation 


E=mc’ (E equals energy ) 

thereby showing that matter and 
energy are equivalent, and that a 
very small amount of matter may 
be transformed into a very large 


amount of energy. 


Implications of Theory 


To illustrate the full import of 
the Special Theory, consider a 200- 
pound man riding in a 100-foot 
spaceship. If the velocity of the 
ship relative to the earth is 100,000 
mps (miles per second ), it will ap- 
pear to his viewers on earth that 
his watch, his heartbeat, even his 
metabolism (all of which are meas- 
ures of time) have slowed by 16%, 
his weight has increased by forty 
pounds. (It would be more precise 
and perhaps more meaningful to 
say that the man’s mass increases 
by 20 percent), and his space ship 
is only 84 feet long. The man in- 
side, and indeed everything else 
moving with the ship, have also 
contracted IN THE DIRECTION 
OF TRAVEL ONLY by 16 per- 
cent. If the man in the space ship 
comes upon another ship travelling 
in the opposite direction, also at 
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100,000 mps relative to the earth, 
his speed relative to the other ship 
will be only 155,000 mps, not the 
expected 200,000 mps. (Fig. 3) 

However, to the man in the 
spaceship, it appears that we on 
the earth have increased in mass, 
that our clocks are slow, and that 
we are contracted in the direction 
of his travel, for it can also be said 
that he is motionless and that the 
earth is moving past him at the 
rate of 100,000 mps. 

This brings up the famous “twin 
paradox.” Suppose one of a set of 
twins sets out on a space voyage 
and comes back many years later. 
Since his life processes are slow 
relative to ours on the earth, he 
should be younger than his twin 
when he returns to earth. But 
while he is on his voyage, the life 
processes of his twin on earth ap- 
pear to him to slow down, so that 
when he returns home, the twin 
who remained should be the 
younger. Which is the case, or will 
they both appear to be the same 
age? The only way to resolve the 
paradox is to send a man into 
space and see what happens. 

Nothing has ever been found to 
contradict Einstein’s Special Theo- 


ry, and there have been various 
experiments and discoveries which 
definitely confirm the theory, a few 
of which follow: 


1. Increase of mass: The preces- 
sion of the elliptical electron or- 
bits about atomic nuclei can be 
accounted for only by a cyclic 
fluctuation is mass of each elec- 
tron. 

2. Addition of velocities: Ein- 
stein’s formula satisfactorily ex- 
plains the positive results of 
Fizeau’s “verification” of the 
Fresnel ether drag theory with- 
out any dependence upon the 
existence of ether. 

3, Equivalence of mass and en- 
ergy: The atomic bomb. 

4, Dilation of time: The vibra- 
tions of hydrogen atoms both at 
rest and moving at 1100 mps 
were measured, The frequency 
of vibration was found to be low- 
er when the atoms were in mo- 
tion. 


Gravitation and Acceleration 
In Einstein’s Special Theory of 


Relativity, he asserted that the 
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laws of nature are the same for all 
systems moving uniformly rela- 
tive to one another. In 1916 he 
presented the General Theory of 
Relativity which he developed on 
the premise that the laws of nature 
are the same “for all systems re- 
gardless of their state of motion.” 

Picture a group of scientists in 
an elevator, Suppose the elevator 
breaks loose from its cable and 
goes plummeting down to earth. 
Since the elevator and its occu- 
pants are falling freely, the scien- 
tists find that they “float” inside 
the elevator, and that any ob- 
ject propelled by a slight force will 
continue in a straight line across 
the elevator. Indeed, the scientists 
might think that they had sudden- 
ly been transported into outer 
space, free from the effects of grav- 
ity. Now suppose the same group 
of scientists, still inside their ele- 
vator, are in outer space, and are 
being accelerated at a constant 
rate by some mysterious force 


pulling at the top of the elevator. 
The scientists will now find that 
they are pressed to the floor of 
the elevator, and that if they 
push away from the floor, the floor 
will come up to meet them. An 
object propelled toward an op- 
posite wall will describe a para- 
bolic curve toward the floor. These 
things occur because of the resis- 
tance of objects to changes in their 
state of motion (inertia). The 
scientists interpret their situation 
differently, however. They con- 
clude that they are at rest on the 
earth or some similar body, and 
the effect they are experiencing is 
due to the force of gravity. 
Einstein thus concluded that it is 
impossible to distinguish between 
the effects of gravitation and those 
of accelerated motion (inertial 
force). This principle, the funda- 
mental postulate of the General 
Theory, is known as the “Principle 
of Equivalence of Gravitation and 
Inertia.” Nonuniform, as well as 
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Fig. 4. Classical Newtonian theory depicted the planetary orbit as a stationary ellipse. 
Einsteinian theory, on the other hand, predicts that the orbit will be a rotating ellipse. 
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uniform, motion therefore cannot 
be judged without some specific 
frame of reference. 

Einstein did not agree with New- 
ton’s law of gravitation. He could 
not see how the earth, or any other 
material body, could exert a force 
throughout the universe. In fact, 
he thought of D evigsane not as a 
force, but as a field. Einstein devel- 
oped his law of Gravitation only 
in terms of the paths that bodies 
will follow in a gravitational field, 
and not in terms of force or “at- 
traction.” In other words, a body 
sets up a field, which influences 
the behavior of neighboring bodies. 

According to Newton’s law of 
gravitation, the orbits of the plan- 
ets are stationary ellipses, whereas 
according to Einstein’s law, they 
are precessing ellipses (Fig. 4). 
That they are indeed precessing 
ellipses was verified by the obser- 
vation that Mercury’s orbit is pre- 
cessing exactly by the amount pre- 
dicted by Einstein’s law (43 sec- 
onds of are per century), Unlike 
the similar case of the precessing 
electron, however, the precession of 
the planetary orbits is due not to 
mass increase, but to gravitational 
fields. 

Consider again the elevator, out 
in space, steadily accelerating. A 
beam of light enters through an 
aperture on one side of the elevator 
and strikes the opposite wall. Since 
the elevator is travelling “upward” 
while the beam is travelling across 
from one wall to the other, the 
beam will strike the opposite wall 
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at a point very slightly lower than 
the aperture through which it en- 
tered (Fig. 5). Now according to 
the Principle of Equivalence of 
Gravitation and Inertia, if the ele- 
vator were in a gravitational field 
and the light beam entered, it 
would still hit the opposite wall at 
a point slightly lower than that at 
which it entered the elevator. 
Therefore, light must also be in- 
fluenced by a gravitational field 
(Fig. 5). In other words, light 
has mass. Also, since light is a form 
of energy, its mass follows the 
equation E=mc’. 


Path of Light 

Since light is influenced by gravi- 
tation, it must travel in a curved 
path when passing through a gravi- 
tational field. This effect was con- 
firmed by observing the apparent 
shift in location of stars appearing 
near the sun during a total eclipse 
of the sun, It was found that the 
shift of the stars’ positions was, for 
all practical purposes, of the same 
amount as predicted by Einstein. 

Einstein predicted that time 
would also vary according to the 
strength of a gravitational field. 
Through somewhat complicated 
reasoning, he found that time 
should pass slower in the vicinity 
of a large mass than a small mass. 
The light from the Companion of 
Sirius (a fantastically dense pair 
of white dwarf stars ) was observed 
with a spectroscope. It was found 
that the line spectrum thus pro- 
duced was shifted slightly toward 
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Fig. 5. Thought experiment shows the equivalence of the effects of gravity and 
acceleration on a beam of light. 
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the red end of the spectrum, thus 
indicating that the star’s atoms vi- 
brate slowly compared to the same 
atoms on earth. Since the vibra- 
tions of atoms are of a definite fre- 
quency for each element. the effect 
of a gravitational field on time was 
proven. 

Einstein’s General Theory of 
Relativity had a profound effect on 
our conception of the universe. 

Euclidean geometry is of no 
value in a gravitational field since 
there are no straight lines in a 
gravitational field. The shortest 
path of a light ray is a curve de- 
termined by the geometry of the 
field. The structure of the universe 
as a whole is shaped by the total of 
its content. Each celestial body 
creates a distortion in the space- 
time continuum, with the result 
that the universe curves back upon 
itself in a huge cosmic surface. The 
size of the universe has been cal- 
culated with the use of Einstein’s 
field equations, with the result that 
the universe has a radius of 35 
billion light years. It would take a 
light ray from the sun a bit more 
than 200 billion years to return to 
its source, 

Einstein was truly a remarkable 
man. All of the effects he predicted 
in his Special and General theories 
have been observed, and are daily 
being substantiated in the course 
of modern research and experi- 
mentation. As yet, there are no 
contradictions to Einstein’s theories 
of relativity. Perhaps in time there 
will be, perhaps not... 


FOOTNOTE 

* A light ray from a star incident on the 
earth can be compared to a raindrop 
falling on a moving train, the train rep- 
resenting the earth. In order to catch the 
raindrop in the bottom of a long, narrow 
can (telescope), one would have to tilt 
the can in the direction of travel of the 
train in order to have the drop hit the 
bottom of the can (eyepiece) without 
first hitting the sides. This phenomenon, 
with regard to celestial observation, is 
known as “abberation.” 
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Low Cost, Simplicity, Unheard of Operating Economy Offered By . . . 


ELECTRIC AUTOMOBILES 


The electric buggies popular in 
the early 1900's faded away before 
World War I, but the economy, 
flexibility, and quiet offered by 
electric power have begun to 
interest the automobile industry 
again, For the first time in nearly 
forty years, electric cars and trucks 
are being manufactured in the 
United States. 

The greatest engineering prob- 
lem involved in the design of an 
electric automobile has always 
been that of recharging the storage 
batteries which furnish current for 
the motors. A typical electric car 
of the early 1900's could go 75 
miles at 20 mph between recharg- 
ings of its ton of storage batteries. 
As the performance and depend- 
ability of the gasoline engine im- 
proved, longer rides and higher 
speeds became common. The elec- 
tric could not compete and _ its 
popularity dwindled. 

But the lowered cost of elec- 
tricity, the increase in the number 
of two-car families, and the grad- 
ual improvement of the storage bat- 
tery have caused engineers to look 
again to electricity as a source of 
power. 

Charles Motor Company of San 
Diego, California, has been pro- 
ducing small, storage battery-pro- 
pelled vehicles for several months. 
Nu-Klea Automobile Corporation 
of Lansing, Michigan and the Nic- 
L-Silver Battery Company of Santa 
Ana, California are also working 
on small, battery-operated cars. 
The Cleveland Vehicle Company 
has sold a number of electric de- 
livery trucks to two Cleveland 
dairies. American Motors Corpora- 
tion and Sonotone Corporation are 
cooperating on a long-range re- 
search project aimed at developing 
a practical electric car and Chrys- 
ler Corporation’s DeSoto Division 
is doing advanced research on a 
new fuel cell for possible use in a 
future electric automobile. 
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“Plug-in” Cars 

The Charles Townabout is a 
small sport coupe resembling the 
Karmann-Ghia Volkswagen. It car- 
ries 450 Ib of storage batteries 
which can be recharged from any 
110 v outlet. One 3.2 hp electric 
motor is connected to each rear 
wheel through reduction gears. 

The Townabout is designed pri- 
marily as a second-car for use in 
shopping and running errands. 
Used in this way it would seldom 
be called upon to exceed its maxi- 
mum range of 80 miles and its bat- 
teries could be recharged overnight. 

The car's performance is also 
adequate for city driving. Due to 
the high torque produced by the 
motors at low speed, the Town- 
about is reported to accelerate to 
its top speed of 58 mph at a rate 
comparable to that of most im- 
ported economy cars. 

The car’s best feature is its econ- 
omy of operation. A complete re- 
charging after 80 miles of driving 
costs only 18 cents. 

The major disadvantage of the 
“plug-in” car is, of course, its range 
limitation. If service stations could 
function as recharging stations, the 
storage-battery operated cars could 
be used for longer trips. Batteries 
mounted in removable pods could 
be traded at stations for sets of 
freshly recharged-cells. Further in 
the future, induction cables in the 
highway might transmit electrical 
energy to receivers in the cars. 


Gasoline-Electric Cars 


Seeking increased efficiency with- 
out range limitations, engineers 
from American Motors and Sono- 
tone are cooperating on a program 
aimed at producing a gasoline-elec- 
tric automobile. A small gasoline 
engine and a generator will be 
used to recharge the car’s storage 
batteries, which, in turn, will run 
electric motors at the wheels. 


The gasoline-electric powerplant 
has several major advantages over 
the standard automobile gasoline 
engine. First, an automobile engine 
must operate most of the time at 
only a small fraction of its rated 
power, while the engine of the 
gasoline-electric car will operate 
only at full throttle. It is well- 
known that the efficiency of an au- 
tomobile engine generally increases 
as its throttle opening increases. 
An engine operating at full throttle 
is always more efficient than one 
operating with the throttle almost 
closed. 

The automobile engine must be 
designed to operate reasonably 
well over a wide range of engine 
speeds, while the engine on the 
gasoline-electric car need function 
at one only. Thus, the intake and 
exhaust systems as well as the 
spark and valve timing will be ad- 
justed for peak efficiency under 
one set of operating conditions. 

The efficiency increases due to 
the constant-speed, full-throttle op- 
eration should far outweigh the 
losses in the batteries and motors, 
and the power plant of the gaso- 
line-electric car should be far more 
efficient than that of the ordinary 
automobile. 

The storage batteries in the 
gasoline-electric car proposed by 
American Motors and Sonotone are 
to be specially designed nickel- 
cadmium cells, which should per- 
mit very high charging and dis- 
charging rates. Thus, although the 
gasoline engine used might be 
charging the batteries at a constant 
rate of only 20 hp, the batteries 
might deliver energy to the motors 
at several times that rate for short 
periods of acceleration or hill- 
climbing. 

The special nickel-cadmium stor- 
age batteries developed for the car 
have plates of nickel mesh covered 
with nickel powder. The positive 
and negative electrodes are plated 


25 





with nickel hydroxide and cad- 
mium hydroxide, respectively. Al- 
though the plates look smooth, they 
are actually full of tiny holes which 
offer a huge contact area between 
the electrodes and electrolyte. It is 
this large contact area which al- 
lows the high charge and discharge 
rates. 

The idea of regenerative brak- 
ing could also be used to increase 
the efficiency of the gasoline-elec- 
tric car, It is equally applicable to 
any type of electric car using stor- 
age-battery-driven motors. Regen- 
erative braking makes it possible 
to salvage the energy normally dis- 
sipated by the brakes. If the field 
coils of the car’s electric motors are 
reversed, a braking torque is ex- 
erted on the wheels and the motors, 
acting as generators, charge the 
batteries. When a car is driven in 
heavy traffic or in hilly country, 
most of the mechanical energy pro- 
duced by the engine is eventually 
dissipated by the brakes. For city 
or mountain driving, the regenera- 
tive brake could greatly increase 
the car's efficiency. 

The proposed gasoline-electric 
car does not have the range and 











power limitations of pure electric 
cars like the Townabout, It should 
allow a fairly large car to use a 
small engine and still have plenty 
of power in reserve. The gasoline- 
electric car will probably not equal 
the economy of the “plug-in” cars, 
but it should easily better any con- 
ventional car with a gasoline en- 
gine. 


Electrochemical Fuel Cells 


Because of the limitations im- 
posed by the second law of ther- 
modynamics and the energy losses 
due to heat conduction and fric- 
tion, the conventional internal 
combustion engine cannot possibly 
achieve more than 35 percent 
efficiency, Engineers at Chrysler's 
DeSoto Division are investigating 
a completely different source of 
power, the electrochemical fuel 
cell. 

The cell converts the energy of 
the reaction of hydrogen and oxy- 
gen to electrical energy. The fuels 
are stored outside the cell and are 
introduced through hollow elec- 
trodes. The gases diffuse easily 
through the thin electrode walls, 
which are surrounded by an elec- 
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In the Townabout and most other “plug- 

in” cars storage batteries power two 

motors at the rear wheels, eliminating 
the differential. 
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In AM-Sonotone design, the gas engine 
powers a generator, which charges nickel- 
cadmium batteries. 


trolyte, usually potassium or sodi- 
um hyroxide. At the cathode, 
the oxygen fuel combines with 
the electrolyte to produce hydrox- 
ide ions. These hydroxide ions 
then proceed to the anode where 
they combine with hydrogen ions 
to produce water. Potassium or so- 
dium ions travel to the cathode 
and there is a net transfer of 
charge. Most of the energy of the 
reaction can be recovered in the 
form of electricity. 

Since the activation energies of 
the individual reactions are too 
high to allow them to proceed di- 
rectly at normal temperatures, cat- 
alysts must be used. Fine particles 
of platinum or palladium in the 
hydrogen electrode and cobalt ox- 
ide, platinum, or silver at the oxy- 
gen electrode split the diatomic 
gases into single atoms. Catalysts 
in the electrolyte aid in the reac- 
tions of oxygen, water, and elec- 
trons at the cathode. 

DeSoto has built a three-eighths 
scale “idea car” to illustrate the ap- 
plication of the electrochemical 
fuel cell to automobile design. The 
car would be powered by four 
lightweight traction motors at the 
wheels. The storage batteries used 
to run the motors would be charged 
by an electrochemical cell. 

Although laboratory fuel cells 
have developed efficiencies as high 
as 75 percent, considerable devel- 
opment work will be needed be- 
fore they will be practical in auto- 
mobiles, Storage of the gaseous 
fuels presents a major problem. 
Low pressure, light-weight tanks 
would have to be prohibitively 
large to carry a reasonable amount 
of fuel. High-pressure tanks would 
allow much smaller volumes, but 
they would have to be quite heavy 
to withstand the pressure. Neither 
gas can be liquified conveniently. 

Although the fuel cell will prob- 
ably not find application in cars 
for some time, gasoline-electric 
cars like that suggested by the 
American Motors-Sonotone project 
are somewhat closer to reality. 
Gasoline-electric cars should pro- 
vide convenient long-range driving 
with excellent economy. The Town- 
about, even in its present form, 
would make a very satisfactory 
second-car, It may well be the elec- 
tric motor that will finally replace 
the gasoline engine in turning the 
wheels of the world’s automobiles. 
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Dick Ernsdorff studies a microwave site-layout chart atop a moun- 
tain near Orting, in western Washington state. On assignments like 
this, he often carries $25,000 worth of equipment with him. 





Here, Dick checks line-of-sight with a distant repeater station by 
mirror-flashing and confirms reception by portable radio. Using this 
technique, reflections of the sun’s rays can be seen as far as 50 miles. 


He wears two kinds of work togs 


For engineer Richard A. Ernsdorff, the “uniform of the 
day” changes frequently. A Monday might find him in a 
checkered wool shirt on a Washington or Idaho mountain 
top. Wednesday could be a collar-and-tie day. 


Dick is a transmission engineer with the Pacific Tele- 
phone and Telegraph Company in Seattle, Washington. He 
joined the company in June, 1956, after getting his B.S.E.E. 
degree from Washington State University. “I wanted to 
work in Washington,” he says, “with an established, grow- 
ing company where I could find a variety of engineering op- 
portunities and could use some imagination in my work.” 


Dick spent 214 years in rotational, on-the-job training, 
doing power and equipment engineering and “learning the 
business.” Since April, 1959, he has worked with micro- 
wave radio relay systems in the Washington-Idaho area. 


When Dick breaks out his checkered shirt, he’s headed 


for the mountains. He makes field studies involving micro- 


Dick stops by the East Central Office building in Seattle to look 
at some microwave terminating equipment. It’s involved in a 4000 
megacycle radio relay system between Seattle and Portland, Oregon. 


, 
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wave systems and SAGE radars and trouble-shoots any 
problem that arises. He also engineers “radar remoting” 
facilities which provide a vital communications link be- 
tween radar sites and Air Force Operations. 


A current assignment is a new 11,000 mc radio route 
from central Washington into Canada, utilizing reflectors 
on mountains and repeaters (amplifiers) in valleys. It’s a 
million-dollar-plus project. 

“T don’t know where an engineer could find more inter- 
esting work,” says Dick. 

* * * 
You might also find an interesting, rewarding career with 
the Bell Telephone Companies. See the Bell interviewer 
when he visits your campus. 


In the Engineering Lab in downtown Seattle, Dick calibrates and 
aligns transmitting and receiving equipment prior to making a path- 
loss test of microwave circuits between Orting and Seattle. 
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REQUIRED SAFETY 
FACTORS in steering 
arm assured by 
designing it to be forged 





Typical steam forging hammer 


By designing with forgings, a truck manufacturer can count on the required 
safety factors, with minimum “beefing-up” of parts to offset unknown 
internal structures or non-homogenious materials. 

You, too, can achieve results like these by designing with forgings either at 
the start or on re-design. The benefits of forgings are equally impressive, 
whether you make home-workshop equipment or diesel engines. 

Forgings start as better metal ... are further improved by the hammer-blows 


or high pressure of the forging process. 


Write for literature on the design, specification, and procurement of forgings. 


Whew itd Oo Mal part, desiqn it to be | 


Drop Forging Association « Cleveland 13, Ohio 
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Research at Cornell... 


CORNELL PROFESSOR INVESTIGATES 
TWO-PHASE FLOW 


Experiments performed at Cor- 
nell under the direction of Howard 
N. McManus, assistant professor of 
mechanical engineering, have pro- 
vided solutions to a number of 
problems involved in two-phase 
flow. 

Many difficulties arise in the 
treatment of heat transfer prob- 
lems in which liquids and gases 
flow together in the same tube. But 
the data obtained from Prof. Mc- 
Manus’s experiments allow film 
thicknesses and other pertinent 
flow characteristics to be predicted 
from a knowledge of the system. 

Of the six generally accepted 
patterns of horizontal two-phase 
flow, Prof. McManus was primarily 
interested in annular flow in which 
the liquid completely surrounds 
the gas as a film clinging to the 
inside of the tube. 


Testing Method 


Prof. McManus conducted tests 
by feeding compressed air into a 
long, clear plastic tube of 1-, 2- or 
3-in. diameter. A mixer with a .015 
in. annular slot fed a uniform film 
of liquid into the air stream. The 
liquid was usually either water or 
a glycerine-water solution which 
could be varied in viscosity. 

Prof. McManus could observe the 
liquid-air flow visually through the 
transparent tube while measuring 
its other characteristics with elec- 
tric probes. Air and liquid flows 
were set with valves and measured 
by orifices and a rotameter. The 
rate at which water left the tube 
was checked by letting it collect 
in a tank for a given length of time 
and then weighing it. U-tuhe ma- 
nometers stationed along the tube 
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recorded changes in pressure, Tem- 
perature measurements for both the 
gas and the liquid were also re- 
corded. 

The film thicknesses, both at 
points around the circumference of 
the tube and along its length, were 
measured by an electric probe in 
conjunction with a micrometer. 
The same probe, connected to a 
circuit containing an oscilloscope, 
was used to determine the maxi- 
mum height of the waves in the 
liquid. Differences in the oscillo- 
scope signals distinguished between 
crests and troughs and let the op- 
erator know where the peaks of 
the tallest waves were. 

Prof. McManus found that the 
film thickness varied around the 
tube due to the tendency of the 
force of gravity to pull the liquid 
toward the bottom. He also learned 
that variations in film thicknesses 
around the tube were not as no- 
ticeable for the viscous glycerine 
solutions. 

He found that the liquid 
gained energy from the gas in 
travelling down the tube. As the 
liquid increased in velocity, the 
film became thinner and less ec- 
centric. 

Prof. McManus was able to cor- 
relate the height of the waves to the 
thickness of the film and show that 
the thicker film areas offered a 
rougher surface to the gas than 
the thinner ones, The top film sur- 
face, being thinner, offered less 
resistance to the flow than the bot- 
tom surface. Thus the gas velocity 
profile was affected by the surface 
films. Prof. McManus suggests 
that this change in the velocity 
profile is partially responsible for 


Photo Sclence 
Professor Howard N. McManus 


the large pressure drops encount- 
ered in tubes with two-phase flow. 


Results and Applications 

With the correlations obtained, 
Prof. McManus is able to predict 
film thickness, energy transfer, and 
other flow characteristics from the 
conditions of a system for ranges 
of gas Reynolds numbers from 59,- 
000 to 316,000. 

Prof. McManus is presently in- 
vestigating flow relationships over 
higher ranges and with air velocities 
that approach the speed of sound. 
Results of this further investigation 
may make it possible for rocket 
engineers to determine accurately 
how the liquid fuel used to cool a 
new rocket nozzle design will dis- 
tribute itself in the nozzle. In this 
way, much of the costly cut-and- 
try procedure involved in the de- 
velopment of the rocket nozzle 
may be eliminated, 
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engineers 


and what they do 


The field has never been broader 
The challenge has never been greater 


Engineers at Pratt & Whitney Aircraft today are concerned 
with the development of all forms of flight propulsion 
systems—air breathing, rocket, nuclear and other advanced 
types for propulsion in space. Many of these systems are so 
entirely new in concept that their design and development, 
and allied research programs, require technical personnel 
not previously associated with the development of aircraft 
engines. Where the company was once primarily interested 
in graduates with degrees in mechanical and aeronautical 
engineering, it now also requires men with degrees in 
electrical, chemical, and nuclear engineering, and in physics, 
chemistry, and metallurgy. 


Automatic systems developed by instrumentation Included in a wide range of engineering activities open to 
engineers allow rapid simultaneous recording technically trained graduates at all levels are these four 
of data from many information points. basic fields: 


———— ANALYTICAL ENGINEERING Men engaged in this 
: activity are concerned with fundamental investigations in 
the fields of science or engineering related to the conception 
of new products. They carry out detailed analyses of ad- 
vanced flight and space systems and interpret results in 
terms of practical design applications. They provide basic 
information which is essential in determining the types of 
systems that have development potential. 


DESIGN ENGINEERING The prime requisite here is an 

active interest in the application of aerodynamics, thermo- 

dynamics, stress analysis, and principles of machine design 

to the creation of new flight propulsion systems. Men en- 

gaged in this activity at P&WA establish the specific per- 
Frequent informal discussions among analytical formance and structural requirements of the new product 
engineers assure continuous exchange of ideas and design it as a complete working mechanism. 


on related research projects. EXPERIMENTAL ENGINEERING Here men supervise 
' and coordinate fabrication, assembly and laboratory testing 
of experimental apparatus, system components, and devel- 
opment engines. They devise test rigs and laboratory setups, 
specify instrumentation and direct execution of the actual 
test programs. Responsibility in this phase of the develop- 
ment program also includes analysis of test data, reporting 
of results and recommendations for future effort. 


MATERIALS ENGINEERING Men active in this field 
at P&WA investigate metals, alloys and other materials 
under various environmental conditions to determine their 
usefulness as applied to advanced flight propulsion systems. 
They devise material testing methods and design special 
test equipment. They are also responsible for the determina- 
tion of new fabrication techniques and causes of failures or 
manufacturing difficulties. 


Under the close supervision of an engineer, 
final adjustments are made on a rig for 
testing an advanced liquid metal system. 
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Exhaustive testing of full-scale rocket engine thrust chambers is 
carried on at the Florida Research and Development Center. 


For further information regarding an engineer- 
ing career at Pratt & Whitney Aircraft, consult 
your college placement officer or write to Mr. 
R. P. Azinger, Engineering Department, Pratt & 
Whitney Aircraft, East Hartford 8, Connecticut. 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 
CONNECTICUT OPERATIONS — East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER — Palm Beach County, Florida 
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THE PRESIDENT’S LETTER— 


PROFESSIONAL RECOGNITION 


Major design and/or construction projects which, to the 
non-technical person may seem like feats of magic, often 
are, to the trained Engineer, but a routine scientific 
achievement. Conversely, that which to a housewife may 
be an every-day performance, such as producing a good 
dinner, may seem to her engineering husband as a next- 
to-impossible feat. (Note: it was thought advisable to 
choose the second example for reasons that now, or at a 
later date in life for the students, will be obvious to all of 
us.) Now that I have assured “us husbands” of a continued 
source of energy so as to continue our achievements, it is 
in order to point out that perhaps it is best to let each and 
every person “stick to his own knitting”. Let the magician 
stick to his feats of legerdemain, and the Engineers to 
feats of practical oe of science. 

Too many people, in the present way of life, tend to try 
and extend themselves beyond their ken. Why, you may 
ask, is this subject of interest to Engineers and Engineering 
students? When a professional man does a age job, his 
entire profession gains in stature. Conversely, when the 
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opposite happens, the public’s image of the profession 
declines. The age which we are now living in is an era of 
general practitioners and specialists. There is bound to be 
an overlap, in the proper place, of both of these, just as 
there is an overlap between the different professions them- 
selves. We must, however, remember the basic necessity 
and reasons for these different professions and not stretch 
the overlaps between them too much. We must not do the 
work that others can do better and more economically. 
While engineering has attained the stature of a profession, 
there is still a long road ahead before the average person, 
Legislature, or other public body gives the full recognition 
deserved and necessary to the group. It therefore be- 
hooves us to surpass our previous exploits and take on 
more projects where we, as Engineers, can accomplish 
scientific achievements and be confident that the non- 
technical person seeing them will realize that they are 
practical applications of science and not feats of magic. 
STEPHEN D, TEETOR '43 
President 
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Edward A. Miller, C.E. 737, 
M.C.E. ’43, has been elected presi- 
dent and chief executive officer of 
Fenestra Incorporated. 

Mr. Miller joined Fenestra as 
a design engineer in 1943 after 
receiving his master’s degree in 
civil engineering from Cornell. He 
became chief engineer of the Build- 
ing Products Division in 1945 and 
manager in 1949. In 1957 he was 
appointed vice-president of Fen- 
estra’s Building Products Division, 
and in 1959 he was elected execu- 
tive vice-president. 

Mr. Miller is a member of Tau 
Beta Pi, Chi Epsilon, Sigma Xi, 
and the American Society of Civil 
Engineers. 


Earl F. O’Brien, C.E. ’20, was 
elected to the Committee for Pro- 
fessional Conduct of the American 
Society of Civil Engineers, Charles 
H. Capen, C.E. ’17, was elected to 
the Committee on Engineers in 
Public Practice and Lt. Col. How- 
ard T. Critchlow, M.E. ’36, was 
elected to the Committee on Ap- 


plication Classification as an al- 
ternate member. Prof, N. A. Chris- 
tensen, director of the School of 
Civil Engineering at the University 
was elected to the Committee on 
Engineering Education. 


Karl W. Mueller, M.E. ’32, has 
been elected president of Clinton 


Alumni News 


Karl W. Mueller 
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Engines Corp. For the last three 
years, Mr. Mueller was executive 
vice-president of Crown Cork and 
Seal Co. 

Mr. Mueller has also held posi- 
tions as vice-president of opera- 
tions of Trailmobile, Inc., as works 
manager for American Chain and 
Cable Co. and the Standard Stoker 
Co., and as manager of the Elevator 
Division of Maintenance Co., Inc. 


Richard B. Steinmetz, E.E. ’22, 
has been elected president of Ana- 
conda Wire and Cable Co. and to 
the boards of directors of Ameri- 
can Brass Co, and Anaconda Alu- 
minum Co., all subsidiaries of the 
Anaconda Co. 


Alumni News 


Richard B. Steinmetz 


Mr. Steinmetz joined the Ana- 
conda organization in 1929 and 
spent his early years on electrical 
engineering assignments and as a 
district sales engineer in several 
major cities. During the war he 
was a special Washington, D.C. 
representative of the Company, 
handling Army and Navy wire re- 
quirements. 

In 1946 he became sales manager 
for the Marion, Indiana mill, and 
in 1948 he was named its manager. 
Mr. Steinmetz became general 
manager of all mills in 1951, and 
vice-president in charge of manu- 
facturing operations in 1952. He 
had held the post of executive vice- 
president since 1957. 


Col. John D. Payne 


Col. John D. Payne, C.E. °30 
is stationed at Cornell as professor 
of air science and commander of 
the Air Force ROTC unit at the 
University. His last tour of duty 
was as director of construction at 
Headquarters, Air Defense Com- 
mand, Colorado Springs, Colorado. 

Colonel Payne was called to ac- 
tive duty in 1941 and served dur- 
ing the war in the Panama Canal 
Zone and the Southwest Pacific. 
From 1954 to 1957 he served as 
chief of the Installations Division 
of the Paris office of the U.S. Air 
Forces in Europe. 

Colonel Payne is a member of 
the Society of American Engineers, 
the National Society of Professional 
Engineers, and the Cornell Society 
of Engineers and is a registered 
professional engineer in the state 
of Colorado. 


Alfred L. Parme, C.E. ’35, was 
awarded the Leon S. Moisseiff 
Award for his paper entitled 
“Shells of Double Curvature” at 
the ASCE 1959 Annual Convention. 

Mr. Parme is manager of the 
Structural and Railways Bureau of 
the Portland Cement Association 
and has been associated with the 
Association almost continuously 
since 1940. In 1952 he was on 
leave of absence as consulting en- 
gineer for Ebasco Services on the 
design of Kamishiiba Dam, the 
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first arch dam to be built in Japan. 

In 1953 Mr. Parme was awarded 
the Fuertes Graduate Medal by 
Cornell University for his article 
on the “Design of Cylindrical Con- 
crete Shell Roofs.” 


William Deans, M.E. ’13, has re- 
tired as vice-president of I-T-E 
Circuit Breaker Co, after twenty- 
six years of association with the 
Company. A former associate of 
Thomas Edison and a pioneer in 
circuit breaker design, Mr. Deans 
has also served I-T-E as chief engi- 
neer and as vice-president in 


charge of engineering. 


William Deans 


Mr. Deans’ contributions to the 
electrical industry center around 
his work on electrical bus struc- 
tures used to carry high power at 
high voltages. He also contributed 
substantially to furthering circuit- 
breaker research, having pioneered 
in employing mathematics to pre- 
dict natural phenomena. 

Mr. Deans is a member of Tau 
Beta Pi and Eta Kappa Nu, engi- 
neering honorary fraternities, and 
is a fellow of the American Insti- 
tute of Electrical Engineers. He has 
been active in standardization work 
in the National Electrical Manu- 
facturers Association as a member 
of the Codes and Standards Com- 
mittee, 


Samuel L. Schwartz, C.E. 714, 
has retired after more than twenty- 
one years of service to the Federal 
Government. Prior to his Federal 
service, Mr. Schwartz worked as 
design engineer on subway con- 
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struction in New York and Phila- 
delphia and for the Tunnel. Divi- 
sion of the Board of Transportation 
in New York. 

In 1938 Mr. Schwartz joined the 
Federal Housing Administration 
as an inspector, Later he was an 
administrative engineer on the con- 
struction of Government-sponsored 
facilities for the Reconstruction 
Finance Corporation. 

Since 1951, Mr. Schwartz has 
served with the U.S. Army Corps 
of Engineers as an administrative 
engineer, He has worked at Goose 
Air Base in Labrador and on the 
DEW Line communications facili- 
ties at Cape Dyer on Canada’s 
Baffin Island. 


Herbert A. R. Austin, C.E. 713, 
was elected an honorary member 
of the American Society of Civil 
Engineers at the 1959 Annual Con- 
vention of the Society. 

Mr. Austin is a consulting engi- 
neer in Honolulu, Hawaii, and has 
devoted his career to the engineer- 
ing and civic betterment of the 
Islands. He was the first chief en- 
gineer of the City and County of 
Honolulu Public Works Depart- 
ment and has served as a member 
of the Honolulu Board of Water 
Supply and the City Planning Com- 
mission. 

Mr. Austin has been extremely 
active in the affairs of the Society 
and has been chairman of the com- 
mittees on Engineering Education, 
Registration, and Professional Con- 
duct. 


Charles D. Curran, C.E. 732, 
M.C.E. ’33, has been named Exec- 
utive Director of a U.S. study com- 
mission organized to formulate a 
plan of development for the land- 
water resources of a large portion 
of Texas. 

Mr. Curran received his B.S. 
from the U.S, Military Academy at 
West Point in 1928. He has served 
with the International Boundary 
and Water Commission, United 
States and Mexico, and with the 
Bureau of the Budget in Washing- 
ton. 

Mr. Curran is a member of Sig- 
ma Xi, engineering honorary fra- 
ternity, and of the American So- 
ciety of Civil Engineers and the 
Cornell Society of Engineers. 


Marshall M. Koch, M.E. 713, 
has retired from the Public Service 
Co. of Colorado after forty-five 
years service with the Company. 
He started as a junior engineer in 
1914, and progressed through the 
engineering, construction and op- 
eration of the Company’s electrical 
distribution system. 

In 1947 Mr. Koch was elected a 
vice-president of the Company and 
became a director and executive 
vice-president in 1958. He has been 
chief executive of the utility's elec- 
tric operations for the last twelve 
years, 
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Marshall M. Koch 


Mr. Koch is a member of Tau 
Beta Pi, engineering honorary fra- 
ternity, and is a Fellow of the 
American Institute of Electrical 
Engineers. 


Donald R. Leuder, C.E. 44, 
M.C.E. 46, is now president of 
Geotechnics and Resources, Inc. 
An associate professor at the Uni- 
versity from 1951 to 1954, Mr. 
Leuder worked closely with the 
Center for Aerial Photographic 
Studies. 


Theodore A. Cheney, C.E. °44, 
M.C.E. ’48, a former assistant pro- 
fessor of civil engineering at the 
University, is vice-president of 
Geotechnics and Resources, Inc. 
Also associated with the company 
is M. D. Morris, C.E. ’44, a mem- 
ber of the Cornell Society of Engi- 
neers, 
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I. Ellis Behrman, C.E. °10, re- 
tired August 1 as director of Beth 
Israel Hospital of Newark, largest 
private hospital in New Jersey. Mr. 
Behrman has been with Beth Israel 
for more than thirty years, the last 
twenty-three as director, and has 
been a leading force in the Hos- 
pital’s development program, After 
graduating from Cornell, he started 
working for the City of Baltimore 
on filtration plant construction. In 
1917, he wasted little time in join- 
ing the U.S. Army Engineers and 
soon found himself in France. 

Following the armistice, he was 
discharged with the rank of lieu- 
tenant colonel and immediately ap- 
pointed by Hoover as a member of 
the Technical Advisory Commis- 
sion to Czechoslovakia where he 
remained until the fall of 1926, 
working closely with three other 
similar commissions in Poland, 
Austria, and Yugoslavia in matters 
pertaining to engineering and trans- 
portation. Back in the United 
States in 1926, Mr. Behrman joined 
L. Bamberger and Co. and was put 
in charge of construction of their 
then new store. The firm was in- 
terested in Beth Israel Hospital in 
Newark and enlisted Mr. Behrman 
to do some voluntary engineering 
work for them. He became super- 
intendent of construction and main- 
tenance at Bamberger’s, but con- 
tinued his work for the hospital 
and in 1928 served in an advisory 
capacity in engineering matters for 
the new hospital building then be- 
ing constructed. In 1934, he was 
elected a trustee of the Hospital 
and in 1936, became its director. 
During Mr. Behrman’s directorship, 
Beth Israel inaugurated many new 
services, including the third hos- 
pital blood bank established in the 
United States in 1938, the Rh cen- 
ter in 1947, and the isotope depart- 
ment in 1951. Other important 
advances are the _ million-dollar 
chemical and research laboratory 
completed in 1957 and the new co- 
balt building completed last year. 

In 1944 and 1945, Mr. Behrman 
was president of the New Jersey 
Hospital Association; in 1947, chair- 
man of the first institute held on 
hospital engineering under the 
auspices of the American Hospital 
Association; and in 1949, chairman 
of the committee which developed 
the manual on hospital maintenance 
published by the AHA. 
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DUNHAM-BUSH 


E. L. DISBROW 
Tri-State College, Angola, Ind. ‘51 


E. DISBROW exemplifies the opportunity to grow with a young, 
growing company. Now District Manager of the Dunham-Bush Minne- 
apolis office, he supervises widespread engineering activities of a group 
of sales engineers representing a multi-product technical line. 


Engineering degree in hand, Ed went to work for Heat-X (a Dunham- 
Bush subsidiary) as an Application Engineer. Successive steps in the 
Dunham-Bush main office and as Sales Engineer in the New York 
territory brought him to his present managerial capacity. 


A member of Belle Aire Yacht Club, Ed leads a pleasant life afloat 
and ashore with his wife and two boys. 

Equally satisfying is Ed’s job. In directing calls on consulting engi- 
neers, architects, plant engineers, wholesalers, contractors and building 
owners, he knows he’s backed by the extensive facilities of Dunham- 
Bush laboratories. You can see him pictured above on a typical call, 
pea or. a Minnesota shopping center Dunham-Bush air conditioning 
installation. 


Ed’s success pattern is enhanced by the wide range of products he 
represents. For Dunham-Bush refrigeration products run from com- 
pressors to complete systems; the range of air conditioning products 
extends from motel room conditioners to a hospital’s entire air condi- 
tioning plant. The heating line is equally complete: from a radiator 
valve to zone heating control for an entire apartment housing project. 
The Dunham-Bush product family even includes highly specialized heat 


transfer products applicable to missile use. 
AIR CONDITIONING, REFRIGERATION, 
HEATING PRODUCTS AND ACCESSORIES 


Dunham-Bush, Inc. 


WEST HARTFORD 10, e CONNECTICUT, @e U.S.A. 
SALES OFFICES LOCATED IN PRINCIPAL CITIES 





Ahblbie DRIVE AND CONTROL IDEAS 


FOR ENGINEERS 





Tips on better 
designing with 
flexible shafts 





REMOTE CONTROL AND POWER DRIVE: 


Retractable hard top simplified by flexible shafts. 


































POWER DRIVE: 


Powering a movable component... 
is easily accomplished with flexible 
shafts. Position of barrel type feeder 
on this new Detroit Power Screwdriver 
is highly adjustable, because it is 
driven by a flexible shaft. Power take- 
off is at the main drive motor. 















Now available 
THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition...Send for your free copy! 


This authoritative handbook has been recently revised to 
include new selection and application data for 

S. S. White Standard... Pre-engineered . . . Custom-designed 
flexible shafts. A guide to product design. 
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Solve alignment _and 


In the Ford Fairlane 500 Skyliner, the roof 
retracts into the trunk, and the trunk lid 
closes and locks. All this is done auto- 
matically, within 40 seconds. Powering this 
ingenious mechanism are six 3/16” high 
speed, remote control flexible shafts, driven 
by three reversible electric motors. 

The use of flexible shafts enabled the 
designers to use only 
one motor to drive 
each pair of actu- 
ators, thus solving 
synchronization 
problems and at the 
same time cutting 
down on the number 
of motors needed. 

Flexible shafts 
(1) and (2) rotate the trunk lid cua 
screws in and out of engagement. Flexible 
shafts (3) and (4) drive a pair of screw-jack 
actuators to raise or lower the trunk lid. 
Flexible shafts (5—not shown) and (6) drive 
a pair of actuators and their associated 
linkage to raise or retract the roof. 


— in 
COUPLING: 





vibration problems... 





with S. S. White cou- 
pling shafts — short 
pieces of flexible 
shafting without com- 
panion casings. Here 
is one being used be- 
tween an adjustable 
pulley and a gear 
pump. 









Lie 
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DEPT. C2, 10 EAST 40th STREET 
NEW YORK 16, N.Y. 


S. S. WHITE INDUSTRIAL DIVISION 
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Going up for “good seeing.” Un- 
manned balloon-observatory starts its 
ascent to take sunspot photos. “Project 
Stratoscope” is a continuing program 
of the Office of Naval Research and 


the National Science Foundation. 
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One of the sharpest photos ever taken of 
sun’s surface. It, and hundreds of others 
taken by stratoscope, may answer mystery 
of violent magnetic disturbances on earth. 





Exact position of photograph in relation 
to the total sun surface is shown here. Plotting 
and photography of precise areas was made 
possible by airborne RCA television, 


RCA REPORTS TO THE NATION: 


REMARKABLE NEW PHOTOS UNLOCK 
MYSTERIES OF SUNS SURFACE 


Special RCA Television, operating from stratosphere, 
helps get sharpest photos of sun’s surface ever taken 


Scientists recently took the first, 
sharp, searching look into the center of 
our solar system. It was achieved not 
by a missile, but by a balloon posted 
in quiet reaches of the stratosphere. 

The idea was conceived by astrono- 
mers at the Princeton University Ob- 
servatory. They decided that a floating 
observatory — equipped with a tele- 
scope-camera— would offer a stable 
“work platform” from which sunspots 
could be photographed free of the distor- 
tion caused by the earth’s atmosphere. 

But “Project Stratoscope” encoun- 
tered an unforeseen and major obstacle 
on its initial flight. A foolproof method 
was needed for aiming and focusing 
the telescope of the unmanned observ- 


atory. Princeton asked RCA to help. 


A special RCA television system was 
devised which enabled observers on the 


ground to view exactly what the tele- 
scope was seeing aloft. This accom- 
plished, it was a simple matter to 
achieve precise photography —directed 
from the ground by means of a separate 
RCA radio control system. 


The resulting pictures reveal sun- 
spot activities in unprecedented detail. 
They provide the world with important 
information regarding the magnetic 
disturbances which affect navigation 
and long-range communications. 


The success of “Project Stratoscope” 
is another example of RCA leadership 
in advanced electronics. This leader- 
ship, achieved through quality and 
dependability in performance, has al- 
ready made RCA Victor the most trusted 
name in television. Today, RCA Victor 
television sets are in far more homes 
than any other make, 


RADIO CORPORATION OF AMERICA 


THE MOST TRUSTED NAME IN ELECTRONICS 
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Nosing its way down to earth, X-15’s skin of a high-Nickel-containing alloy will glow with the dull cherry red of a tossed rivet. 


Inco-developed alloy to help X-15 
carry first man into space 


Alloy perfected by Inco’s continuing research program 
will help new rocket plane withstand destructive heats 


When the first manned rocket plane 
streaks in from space, temperatures 
may build up to as high as twelve 
hundred degrees. 

The ship’s nose and leading edges 
heat to a dull glowing red in seconds. 
At this destructive temperature, 
X-15’s metal skin could weaken, 
could peel off. 

Aircraft research personnel found 
the answer to this high-temperature 
problem in one of a family of heat- 
treatable nickel-chromium alloys 
developed by Inco Research. It with- 
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stands even higher temperatures 
than 1200°F! 


Remember this dramatic example 
if you’re faced with a metal problem 
in the future. It may have to do with 
product design, or the way you make 
it. In any event, there’s a good chance 
Inco Research may help you solve it 
with a Nickel-containing alloy. 


Over the years, Inco Research has 
successfully solved a good many 


metal problems, and has compiled a 
wealth of information to help you. 
You may be designing a machine 
that requires a metal that resists 
corrosion, or wear, or high tempera- 
tures. Or one that meets some 
destructive combination of condi- 
tions. Inco Research can help supply 
the answer. Help supply the right 
metal, or the right technical data 
from its files. 

When you are in business, Inco 
Nickel and Inco Research will be at 
your service. 

The International Nickel Company, Inc., 
New York 5, N.Y. 


gio, Inco Nickel makes metals perform better longer 
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GAS TURBINE ENGINES 
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e The small gas turbine is an important aircraft 
support item used primarily for starting jet engines 
and providing on-board auxiliary power. The high 
compressed air and shaft outputs for its small size 


and weight mark it as an important power source 
for common commercial use. AiResearch is the 
largest producer of lightweight gas turbines, ranging 
from 30 H.P. to the 850 H.P. unit pictured above. 


EXCITING FIELDS OF INTEREST 
FOR GRADUATE ENGINEERS 


Diversity and strength in a company offer the 
engineer a key opportunity, for with broad knowl- 
edge and background your chances for responsibil- 
ity and advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 

Other major fields of interest include: 
e Aircraft Flight and Electronic Systems — pioneer and 
major supplier of centralized flight data systems 


THE 


and other electronic controls and instruments. 
¢ Missile Systems—has delivered more accessory power 
units for missiles than any other company. AiResearch 
is also working with hydraulic and hot gas control 
systems for missile accessory power. 

¢ Environmental Control Systems — pioneer, leading 
developer and supplier of aircraft and spacecraft air 
conditioning and pressurization systems. 

Should you be interested in a career with The 
Garrett Corporation, see the magazine ‘The Garrett 
Corporation and Career Opportunities” 
College placement office. For further information 


write to Mr. Gerald D. Bradley... 


at your 


CORP OFF Brion 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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COLLEGE NEWS 


Edited by R. A. Stern, EE ’63 





UNIVERSITY RESEARCH GROUP 
STUDIES SAFER CARS 


A broad program of research 
aimed at reducing excessive and 
needless injuries in passenger car 
accidents on the nation’s highways 
was initiated in ten counties of 
North Carolina by Cornell Univer- 
sity and cooperating health and 
law enforcement agencies. 

During the next six months, po- 
lice and health officials will pro- 
vide the Automotive Crash Injury 
Research staff at the University 
with reports concerning every au- 
tomobile accident in the ten coun- 
ties in which passengers suffer in- 
juries or passenger cars are dam- 
aged, A study of this data is ex- 
pected to provide the designers of 
automobiles, health authorities, and 
police with information which ul- 
timately will mean greater protec- 
tion against injury for motorists. 

The ten-county research pro- 
gram is the outgrowth of a number 
of lesser but important studies 
which Cornell has made in North 
Carolina during the past six years. 
The primary objective of the pro- 
jects has been the study of the re- 
lationship between passenger car 
design and injuries sustained by oc- 
cupants in highway accidents, 

The data from the ten North 
Carolina counties and from. test 
areas in sixteen other states are 
making it possible for the Cornell 
research group to produce statisti- 
cal findings that serve as a basis for 
automotive design changes aimed 
specifically at reducing the fre- 
quency and severity of injuries in 
highway accidents. Design modi- 
fications based on these studies, in- 
cluding improved door-holding 
mechanisms, recessed _ steering 
wheel hubs, padded instrument 
panels, and seat belts, have proved 
effective in reducing injury. 

According to the Cornell data, 
the doors of cars manufactured 
since 1956 are 27 per cent less apt 
to open on impact than the doors of 
older cars. The possibility of in- 
jury to occupants due to contact 
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with the instrument panel is re- 
duced 30 per cent by padded dash- 
boards, and _ recessed _ steering 
wheel hubs have caused a 50 per 
cent reduction in severe chest in- 
juries. 


UNIVERSITY PROPOSES SUMMER 
TRAINING PROGRAM IN SCIENCE 


Cornell University’s Summer Ses- 
sion has participated in a science 
program for high school students 
which is designed to give high 
school students with an interest in 
science a preview of and an in- 
centive to go into the science field. 

In previous years, Cornell has 
provided opportunity for selected 
high school students to work with 
its scientists as helpers in certain 
research projects. The outcome has 
been very favorable in that the in- 
terest shown by the students, the 
competence developed, and the ap- 
parent effect of the experience has 
had a large part in helping them 
choose their future goals. Scientists 
who have followed such students 
have found that in most all cases, 
they have continued their prepara- 
tion for and have sought careers 
in science, 

The program involves housing in 
the university dormitories and use 
of the normally open summer facil- 
ities and recreational areas. In ses- 
sion in the same six weeks in which 
the Summer School is open, the 
program has an advisor for ap- 
proximately each ten students; the 
counselors were selected according 
to their counseling ability and 
background in science. The ex- 
change of ideas and discussion pe- 
riods made possible by this advisory 
system are thought to be very ben- 
eficial to the student. Along with 
this counseling system, three sep- 
arate groups of high school teach- 
ers were at Cornell at the same 
time studying under various fel- 
lowships; the availability of this re- 
source as well as the University 
professors provided an even great- 
er boon to the students. 


Basically, the program is a full- 
time schedule of six credit hours 
in a college level course chosen 
from Chemistry, Zoology, French, 
German, and Russian. This particu- 
lar group of subjects comprises op- 
tion one. The second option is 
based primarily on the principle of 
learning by actual participation in 
research, predominantly in the bio- 
logical sciences. It was found in 
practice that the average for zo- 
ology courses taken this past sum- 
mer was four points above average, 
and that for chemistry was twenty 
points higher. 

In actuality, Cornell took sixty- 
one students out of the 1650 appli- 
cants from the Northeast, equally 
splitting them between the two 
options, All were in the upper 15 
percent of their high school classes 
and were juniors so as to allow 
them to bring back their experi- 
ences to school after the summer. 
Support, room and board were sup- 
plied by the National Science 
Foundation. For future summer 
programs, it is proposed that 
courses in math, astronomy, and 
botany be given besides those al- 
ready given in chemistry and 
zoology. 


AERODYNAMICS AND CHEMISTRY 
JOIN IN HYPERSONIC RESEARCH 

The advance of aerodynamics in- 
to the hypersonic and high-temper- 
ature phases has made it necessary 
for scientists in the field to deal 
with many problems in physics and 
chemistry, according to a. state- 
ment made at a University engi- 
neering colloquium by Alexander 
H. Flax, chief scientist, United 
States Air Force. 

Professor Flax, on leave from 
Cornell’s Aeronautical Laboratory 
where he is vice-president and 
technical director, said that the re- 
verse is also true. Aerodynamic ex- 
periments have become _increas- 
ingly valuable to chemists and 
physicists. 

The Cornell scientist said that 
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flight at hypersonic speed in the 
atmosphere leads to temperatures 
high enough to produce significant 
physical and chemical effects in 
air. He explained that dissociation 
of air molecules into atomic oxy- 
gen and nitrogen and formation of 
compounds of these two elements 
may be encountered, as well as 
ionization and significant thermal 
radiation from the gas. 

“In addition, the time required 
for completion of all these proces- 
ses is in some cases sufficiently 
large so that true thermodynamic 
equilibrium is not achieved,” he 
said. 

Professor Flax discussed the 
basic physical and chemical proces- 
ses in gases which may occur in 
high-temperature hypersonic flows, 
and reviewed some of the newer 
experimental techniques. 

Professor Flax received a degree 
in aeronautical engineering from 
New York University, and a Ph.D 
degree in physics from the Uni- 
versity of Buffalo. In 1949, he re- 
ceived the Lawrence Sperry Award 
from the Institute of the Aero- 
nautical Sciences “for significant ad- 
ditions to the methods available 
for determining dynamic behaviour 
of airplanes, helicopters, and mis- 
siles.” He is a member of the Na- 
tional Aeronautics and Space Ad- 
ministration’s Advisory Committee 
on Aircraft Aerodynamics. 


ARTS COUNCIL ANNOUNCES NEW 
PROGRAM FOR TWO DEGREES 


A topic under discussion for the 
past few years has recently been 
started on the road to reality; a 
new six-year Arts-Engineering pro- 
gram has been voted into existence 
by the Arts College Council. The 
new program, which will offer both 
the Bachelor of Arts and Bachelor 
of Engineering degrees is a solu- 
tion to the problem of those who 
are interested in engineering, but 
who also feel that they want a 
broader base in the liberal studies 
than is normally offered under a 
strict engineering program. 

John F. McManus, assistant 
dean of the Engineering College, 
said that the program, which will 
take real planning and thought, will 
involve registering in the Arts 
School for the first three years, 
double registering in the fourth 
year, and spending two years in the 
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Engineering School. Requirements 
for both the Arts and the desired En- 
gineering College must be met in 
the six years. Both the common stud- 
ies requirement and the demands of 
the individual college would be 
satisfied by taking regular Arts and 
Science courses in the first three 
years while also taking basic pre- 
requisites in the Engineering Col- 
lege. A few extra hours may have 
to be taken in the first three years 
due to the compression of available 
time for study. 

Since passage of the program by 
the Arts College Council, the En- 
gineering College Council has been 
working on the finer details of 
scheduling and electives. Advisors 
for the six-year, two-degree plan 
would have to have a good back- 
ground in both schools as well as 
experience in guidance, and the 
system of advisors is now being 
considered. At the present time, the 
beginning of the new program is 
scheduled for next September; 
possible schedules are being 
worked in advance. 


ELECTRONIC BRAIN EDITS AND 
PRINTS HUGE CONCORDANCE 


Years of time, labor, and money 
have been saved by using a new 
electronic computer for the first 
time to prepare and edit material 
for the printing of a massive 
volume, A Concordance to the 
Poems of Matthew Arnold, pub- 
lished by the Cornell University 
Press. Huge volumes, which for- 
merly required years of painstaking 
and detailed work by many editors 
and technicians, can now be edited 
and printed in a matter of days by 
the methods used in the produc- 
tion of the Concordance. 

The recently published work 
contains 965 pages of print as well 
as an appendix. It contains the oc- 
currences of 10,097 words of poet 
Arnold’s vocabulary and some 70, 
000 references. The book was pro- 
duced with dazzling speed by us- 
ing the IBM 704 Data Processing 
System, according to Stephen Max- 
field Parrish, general editor of the 
book, who is an assistant professor 
in the English department at Cor- 
nell. 

The lines of Arnold’s verse, 
without punctuation, were punched 
on cards, requiring key-punch 
operation for 69 hours. Line num- 


bers were punched automatically 
by running the deck of cards rep- 
resenting each poem through an 
IBM reproducer along with a 
numbering deck on which the num- 
bers from 1 to 999 had been 
punched in fixed locations. 

The entire deck of 17,000 cards 
was then fed into an IBM Card 
Reader, which transferred all of 
the data to magnetic tape in one 
hour. Meanwhile, a program had 
been written instructing the elec- 
tronic brain to search the tape and 
to index alphabetically every sig- 
nificant word on it by listing the 
entire line in which the word oc- 
curred together with indentifying 
information. 

The computer reads at the 
phenomenal rate of 15,000 char- 
acters per second and makes 42,- 
000 logical decisions per second. 
The computer run took 38 hours 
and the printing 10 hours. The 
IBM print, spaced into pages, was 
reproduced for publication by an 
offset printing process, 

The same process is being util- 
ized for other volumes in the Cor- 
nell Concordance Series. Those 
now in preparation include con- 
cordances to the poems ‘of William 
Butler Yeats and Ben Jonson, the 
complete works of William Blake, 
and the Anglo-Saxon poetic rec- 
ords. The series will provide an 
indispensable tool of research for 
scholars and critics. 


TEACHING ASSISTANT AWARDED 
GRISSELL GOLD MEDAL 

J. Harvey Williams of St. Ives, 
Cornwall, England, a_ graduate 
student in architecture at Cornell 
University, has been awarded one 
of the most coveted prizes avail- 
able to students in architecture in 
the United Kingdom. 

In a competition open to stu- 
dents of architecture in all schools 
of the United Kingdom, Mr. Wil- 
liams was awarded the Grissell 
Gold Medal by the Royal Institute 
of British Architects, Williams’ 
drawings were on exhibition at the 
London headquarters of the Royal 
Institute of British Architects dur- 
ing the month of January. The 
drawings were prepared by Mr. 
Williams while at the Birmingham 
School of Architecture where he 
received the Diploma in Architec- 
ture in 1959. 
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Space wagons 
with nuclear horses 


Space exploration will really come of age when manned rockets can leave 
earth, accomplish their missions and return without disposing of parts of 
themselves en route. This breakthrough depends on the rapid development 
of both nuclear rocket engines and the space vehicles capable of using 
them. Douglas is putting forth a major research effort in the area of manned 
nuclear space ships. Every environmental, propulsion, guidance and struc- 
tural problem is being thoroughly explored. Results are so promising that 
even if the nuclear engine breakthrough comes within the next five years, 
Douglas will be ready to produce the vehicles to utilize this tremendous new 
source of space power! Douglas is seeking qualified scientists and engineers 
for this and other vital programs. Write to C.C. LaVene, Box B-600, Douglas 
Aircraft Company, Santa Monica, California. 

Elmer Wheaton, Engineering Vice President, Missiles and Space Systems, 
goes over new space objectives that will be made possible by nuclear 


propulsion with Arthur E. Raymond, Senior DOUG LAS 
Engineering Vice President of 
MISSILE AND SPACE SYSTEMS Mf MILITARY AIRCRAFT Il DC-8 JETLINERS I CARGO TRANSPORTS fl AIRCOMB Il GROUND SUPPORT EQUIPMENT 
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' New products lead to 
better jobs at Du Pont 


BLUBBER OR RUBBER? 
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It looks like a whale, but it’s actually a 
king-size collapsible container for carry- 
ing liquids and powders. Bags like this 
are made of fabric woven with Du Pont 
“Super Cordura”* high-tenacity rayon 
yarn, coated with Du Pont neoprene syn- 
thetic rubber; capacity: 3,000-20,000 
gallons. They are among the most dra- 
matic and practical advances in indus- 
trial packaging. 

Du Pont has made many contributions 
to this field and to practically every kind 
of business or industry you can name. 
Naturally, all this diversified activity 
creates many interesting jobs. Jobs in 
research. Jobs in production. And jobs 
in sales and marketing. Good jobs that 
contribute substantially to the steady 
growth of DuPont and the people who 
are the company. 


For qualified bachelors, masters and 
doctors, career opportunities are today 
greater at DuPont than ever before. 
There is an interesting future in this 
vigorous company for metallurgists, phys- 
icists, mathematicians, and electrical 
and mechanical engineers, as well as for 
chemists and chemical engineers. 


If you join Du Pont, you will be given 
a project assignment almost at once, and 
you will begin to learn your job by doing 
it. Advancement will come as rapidly as 
your abilities permit and opportunities 
develop. DuPont personnel policy is 
based on our belief in promotion from 
within the company on a merit basis. 


If you would like more information 
about opportunities at Du Pont, see your 
placement officer or write E. I. du Pont de 
Nemours & Co. (Inc.), 2420 Nemours 
Building, Wilmington 98, Delaware. 


* “Super Cordura” is Du Pont’s registered trademark for its high-tenacity rayon yarn 
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Better Things for Better Living . . . through Chemistry 
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In the field 
of Sports 

















Paint, glass, plastic and fiber glass products of Pittsburgh Plate 

Glass Company and chemicals by PPG’s subsidiary, Columbia- 

Southern Chemical Corporation, are used to make better sports 

equipment and more attractive sports centers. 

These products include such items as: 

© Special finishes for baseball bats, tennis rackets, gym floors, 
bowling alleys. 

© Herculite® heat-tempered glass for basketball backboards and 
protective partitions. 

¢ Fiber glass and Selectron® plastic for fishing rods, golf clubs, 
boat hulls, 

® Chemicals for processing leather and other materials for soccer 
balls, football helmets, baseball gloves. 

© Pittsburgh Paints® and Color Dynamics® to protect and beau- 
tify stadiums, arenas and other sports centers. 

Throughout the sports world—and your world—PPG products 

serve as the useful result of man’s imagination. It could be your 

idea that sparks the next product advance in one of the countless 

fields where today PPG solves tomorrow’s challenge. 

The door is open—for your imagination, your career, your secu- 

rity. Simply contact your Placement Officer or write to Manager of 

College Relations, Pittsburgh Plate Glass Company, One Gateway 

Center, Pittsburgh 22, Pa. 


PAINTS « GLASS « CHEMICALS ¢ BRUSHES « PLASTICS « FIBER GLASS 
PL Ate ee COMPAN Y 
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what | 


An orientation to home? 
Domain orientation? 

The secret of a lodestone? 
The cosmic ray accelerator? 
An aspect of a unified field? 


Fundamental to Allison’s business 
—energy conversion —is a complete 
familiarity with magnetism in all 
its forms. This knowledge is essen- 
tial to our conversion work. 


Thus we search for a usable defini- 
tion of magnetism—not only what it 
is, but why it is. And to aid us in our 
search, we call upon the capabilities 
within General Motors Corporation 
and its Divisions, as well as the spe- 
cialized talents of other organiza- 
tions and individuals. By applying 
this systems engineering concept to 
new research projects, we increase 
the effectiveness with which we ac- 
complish our mission—exploring the 
needs of advanced propulsion and 


weapons systems. 


Want to know about YOUR opportunities on 
the Allison Engineering Team? Write: Mr.R.C. 
Smith, College Relations, Personnel Dept. 


LLISON 


* 
ad Division of General Motors, 
Indianapolis, Indiana 
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LITERALLY 
ALL AROUND You! 
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The word space commonly représents the outer, airless regions of the universe. 
But there is quite another kind of “space” close at hand, a kind that will always 
challenge the genius of man. 


This space can easily be measured. It is the space-dimension of cities and the 
distance between them... the kind of space found between mainland and off- 
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance—above all, 
Sikorsky is concerned with the precious “spaceway” that currently exists be- 
tween all earthbound places. 

Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve- 
hicles that can prove to be tomorrow’s most versatile means of transportation. 


Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet, 


i KO RS KY For information about careers with us, please ad- 
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METALS... the challenging heart of tomorrow’s progress 


gram second to none in the industry, designed 
to give you a broad Company-wide perspective 
that will aid you materially in selecting your 
permanent assignment. 


Today the metals industry is poised at the 
threshold of its most exciting advances. New 
needs for metals yet undreamed of . . . revo- 
lutionary developments and production tech- 
niques .. . new modifications and applications 
of the basic metals . . . all spell opportunity 
for enterprising young metallurgists and engi- 
neers. Now is the ideal time to enter this chal- 
lenging field, and lay the foundation for a 
richly rewarding career. 


Bridgeport Brass Company offers a uniquely 
thorough and diversified grounding in all as- 
pects of metals from A to Z... Aluminum to 
Zirconium. Here you will find a training pro- 


Biidgeport 


To maintain its leadership in metals tech- 
nology, Bridgeport is embarking on a major 
program of expansion and product diversifi- 
cation that will provide practically unlimited 
opportunities for professional achievement and 
rewards. To learn what this can mean to your 
future, ask your placement director for a copy 
of “Careers in Metals with Bridgeport Brass”, 
or write direct to Mr. F. J. Finsinger, 30 Grand 
Street, Bridgeport 2, Conn. 


BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Conn. ¢ Sales Offices in Principal Cities 
Specialists in Metals from Aluminum to Zirconium 
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TECHNIBRIEFS 


Edited by D. J. Martin, ME ’62 





FLUORESCENT UNITS PROMISE 
BETTER HIGHWAY LIGHTING 

A compact lighting system with 
a brightness level 338 per cent 
greater than that of any fluorescent 
unit commercially available has 
been demonstrated by Sylvania 
Electric Products Inc. The new 
fluorescent unit has a brightness of 
22.000 foot-lamberts, while the 
brightest fluorescent lamp com- 
mercially available attains only 
6,500 foot-lamberts. 

Sylvania emphasizes that some of 
the most promising applications of 
the new lamp are in the field of 
highway lighting. Engineers have 
built a prototype of automobile 
headlight of this type to extend 
across the grille of a car between 
the two conventional incandescent 
headlamps. 

This new type headlight system 
allows much more uniform distri- 
bution of light than is possible with 
a conventional system. Pedestrians 
at the sides of the car could be 
seen more easily, Sylvania suggests 
that the fluorescent unit could be 
used in conjunction with conven- 
tional high-beam headlights to pro- 
vide ideal illumination for high- 
speed driving. Glare could also be 
reduced since a sharp vertical cut- 
off would prevent the light from 
shining in the eyes of oncoming 
drivers. 

Sylvania also suggests that the 
unit could be used to light the 
highways themselves. The lights 
could be mounted on 3-ft high 
standards to produce uniform il- 
lumination over the highway sur- 
face, Since the light would be di- 
rected toward the road at a very 
small angle, it would not be re- 
flected up into the driver's eyes. 
Mounted on expressway turnoffs, 
the low-mounted strips of lights 
would clearly outline the exit and 
thoroughfare roads, Sample lamps 
and fixtures are being made avail- 
able to highway engineers for re- 
search purposes, 


ELECTROSTATIC CHUCK HOLDS 
NON-MAGNETIC WORK PIECES 


A new method of holding small, 
non-magnetic work pieces in place 
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for grinding operations has been 
invented by a Cornell alumnus, 
Robert W. Waring, M.E. ’30, presi- 
dent of Electroforce Incorporated 
of Fairfield, Conn. 

Non-magnetic work pieces have 
in the past been secured using 
clamps, fixtures, or vacuum chucks, 
but these methods are not well 
suited to holding small parts. In 
the new chuck system, a 110-v 
power supply, the work-piece, and 
the chuck itself form a complete 
electrical circuit. Static electrical 
charges of opposite polarity are in- 
duced on the surfaces of the work- 
piece and chuck. The attraction be- 
tween the two oppositely charged 
surfaces holds the work securely 
in place so long as a current is 
maintained in the system. 

This method may be applied for 
holding any nonferrous electrically 
conductive material. Ceramics, 
plastics, and similar materials can 
be held if the surfaces contacting 
the device are covered with a thin 
metallic coating. 

The new system also has several 
advantages over the magnetic 
chuck for holding ferrous pieces. 
Since no magnetic forces are in- 
volved, residual magnetism prob- 
lems are eliminated. In addition, 
the holding power does not de- 
crease with the thickness of the 
section as it does in the case of 
the magnetic chuck. 


TINY THERMOELECTRIC MODULES 
COOL ELECTRONIC EQUIPMENT 


Non-uniform distribution of the 
heat generated in some electronic 
components can cause severe “hot 
spots” to develop in electronic ap- 
paratus, Heat dissipating devices 
using moving air can improve the 
transfer of air from critical com- 
ponents, but only the rise in tem- 
perature above that of the air can 
be controlled. Components cannot 
be cooled below the air tempera- 
ture. 

Westinghouse has started to pro- 
duce thermoelectric cooling devices 
for use in electronic apparatus. 
These “thermoelectric modules” 
are designed in a variety of shapes 
and sizes for simple mounting in 


any position for use with electronic 
components. The basic units can 
be mounted physically in parallel 
to cool a large flat area, or stacked 
in series, like building blocks, for in- 
creased cooling over a small region. 

Besides dissipating generated 
heat, the units can lower compo- 
nent temperatures below air tem- 
perature, if necessary. 


NEW NICKEL ALLOY STEELS 
EXHIBIT HIGH STRENGTH 

A new family of very high 
strength nickel alloy steels has 
been discovered in the research 
laboratories of the International 
Nickel Company, Inc. 

These 25 per cent nickel steels 
are air-cooled from the heat treat- 
ment temperature. It is this air 
cooling which gives the steels their 
unique properties. Yield strengths 
in excess of 250,000 psi with 6 to 
10 per cent elongation and more 
than 20 per cent reduction of area 
are obtainable in section thickness- 
es where such high strength prop- 
erties have never before been at- 
tained. Maximum hardnesses in ex- 
cess of 67 Rockwell C have been 
measured. 

Many of these new steels also 
possess excellent —_cold-forming 
characteristics after simple anneal- 
ing treatment, which consists mere- 
ly of air cooling from solution 
temperature. In this condition, they 
have a yield strength of the order 
of mild steel. 

The fact that the high strength 
properties are obtained without 
liquid quenching means that in- 
tricate parts can be fabricated to 
close tolerances while the steel is 
in its soft annealed condition and 
can be hardened to high strength 
levels without appreciable distor- 
tion. This factor, together with 
their excellent mechanical proper- 
ties should make the 25 per cent 
nickel steels of particular interest 
for applications in aircraft and mis- 
siles and for bearings and other 
high-strength, wear-resisting pre- 
cision parts. 

Another unusual feature of the 
25 per cent nickel steels is that they 
are weldable in the hardened con- 
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dition without pre-heat. This fea- 
ture together with the extremely 
high strength properties, which are 
not limited to thin sections, is ex- 
pected to lead to important appli- 
cations in making heavy-wall pres- 
sure vessels and heavy defense 
equipment. 

_ The 25 per cent nickel steels are 
readily hot worked and can be pro- 
duced in all the various commercial 
shapes, such as bar, plate, sheet, 
tubing, etc. While not yet com- 
mercially available, it is expected 
that ultimately they will be pro- 
duced by a number of steel manu- 
facturers. 

The combination of mechanical 
properties is affected by varying 
the nickel content from as high as 
30 per cent to 20 per cent or lower, 
with suitable additions of titani- 
um and aluminum. The optimum 
combination of strength and ductil- 
ity appears to be at about 25 per 
cent nickel and 2 to 6 percent ti- 
tanium and/or aluminum, The 
carbon content should be held as 
low as possible, preferably below 
0.05 per cent. 


SILICON RECTIFIES SUPPLY 
POWER TO ALUMINUM SMELTERS 


A compact ac to de converter 
rated at 10,000 amp at 600 has 
been developed in a joint project 
of Westinghouse Electric Corpora- 
tion and the Aluminum Company 
of America. 

The converter delivers 6,000 kw 
of power from 312 silicon rectifier 
cells—more power per cell than 
ever before obtained in large recti- 
fiers. The use of high-efficiency 
rectifying devices eliminated the 
need for elaborate apparatus to 
discharge heat generated by the ac 
to de conversion. By eliminating 
the need for the usual cooling ap- 
paratus, engineers from Alcoa and 
Westinghouse were able to effect a 
considerable reduction in the size 
of the rectifier unit, All of the 
equipment _ is contained in an 
aluminum cubicle 9 ft wide, 5 ft 
deep, and 10 ft high. 


GAS-LUBRICATED BEARINGS 
ALLOW HIGHER SPEEDS 

Professor Dudley D. Fuller of 
Columbia University announced re- 
cently that rotational speeds as 
high as 500,000 rpm have been 
achieved using gas-lubricated bear- 
ings. He reported that, under ex- 
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perimental conditions, high-speed 
turbo-compressor units had been 
run at speeds as high as 165,000 
rpm, and high-speed shaft rotor 
systems had attained speeds as 
high as 400,000 to 500,000 rpm. 
The maximum angular velocity pos- 
sible with oil-lubricated bearings 
is approximately 100,000 rpm. 

Other advantages of gas bearings 
described by Professor Fuller were 
the following: ability to operate at 
extremes of temperature, absence 
of contamination, low friction, sim- 
plicity, quietness, reliability, and 
long life. 

Gas bearings will be particularly 
useful for industrial and govern- 
ment projects which require a wide 
range of operating temperatures, 
he noted. Under such conditions, 
gases remain relatively stable and 
do not undergo changes of phase 
while other lubricants may melt, 
freeze, vaporize, or decompose. 
Gas bearings are now being consid- 


ered for applications which call for 
temperatures from about —450F. 
to perhaps as high as 3,000 F. Proj- 
ects utilizing oil bearings have 
generally been limited to tempera- 
tures ranging from —60F. to 800 F. 

Another advantage is that con- 
tamination of either the mechanical 
system or the surrounding area can 
be avoided. This property is quite 
useful in nuclear power plants, for 
instance, where even a small seep- 
age of conventional liquid lubri- 
cants might poison the entire sys- 
tem. 

The low friction typical of gas- 
lubricated bearings presents a 
double advantage. First, the lower 
friction force allows high-speed in- 
struments such as gyroscopes to 
consume very little power. Second, 
the lower friction force allows less 
heat to be generated within the 
bearing. Thus, higher speeds can 
be maintained without raising the 
bearing temperature too high. One 


This 6,000-kw silicon rectifying device, designed by Westinghouse Electric Corp. and 
the Aluminum Company of America, is comparable in size to previous silicon rectifiers 
having only half as great an output. 
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limitation of gas bearings, however, 
is that their load capacities are 
lower than those of oil bearings. 
Instances of the practical use of 
these bearings are found in pre- 
cision grinders, turbo-expanders, 
gas circulators, experimental rotors 
for closed-cycle gas turbines, air- 
cycle refrigeration machines, and 
precision measuring instruments. 


NEW FLIGHT NAVIGATION SYSTEM 
GUIDES ARMY AVIATORS 

Dependence on ground-based 
radio transmitters has always lim- 
ited the freedom of movement of 
Army aviation. The Sperry Gyro- 
scope Company is developing a 
navigational system which will be 
completely divorced from ground- 
based radar and other present nav- 
igational guides. The 120-pound 
system, which weighs half as much 
as conventional systems, will per- 
mit all-weather operation of air- 
craft and helicopters, 

A key feature of the system is a 
nine-inch-square map display 
which gives a pilot a visual picture 
of his aircraft's position and 
progress, The exact location of the 
plane and its direction of flight are 
indicated by a moving pointer on 
an air or grid map. 

The system also includes an ex- 
tremely accurate “free gyro” which 


provides accurate navigation where 
magnetic references are unreliable 
and at extremely high altitudes. 
A movable tape tells a pilot his 
speed and rate of climb, and an 
auto-navigator “remembers” flight 
information, 


ARMY DEVELOPS UNIQUE 
TARGET MAP LOCATOR 

A unique locator, capable of au- 
tomatically selecting in only 15 sec- 
onds a target map from a compart- 
ment containing more than 11,000 
different map microfilms, is being 
developed by the Fairchild Camera 
and Instrument Corporation and 
the U.S. Army Engineers. 

Known as the Target Map Co- 
ordinate Locator, the unit is basi- 
cally an optico-electro-mechanical 
device consisting of a multidecked 
storage drum holding map trans- 
parencies, a movable film pick-up 
assembly, and a projection-display 
assembly, 

To operate, one will dial a num- 
ber as one would on a telephone. 
The unit will automatically select 
the correct target map transparency 
from the compartment and carry 
it to a rear screen projector for im- 
mediate viewing on a large screen. 

An integral part of the equip- 
ment is a crosshair system of lo- 
cating target coordinates. After the 


map transparency has been pro- 
jected onto the screen, positioning 
of horizontal and vertical cross- 
hairs on any target located on the 
screen will cause the unit to read 
out the Universal Transverse 
Mercator of the target. The co- 
ordinate readout is accurate within 
approximately 40 feet at a map 
scale of 1:25,000. 


HIGH-FREQUENCY SOUND 
CLEANS CAMERA PARTS 

Delicate parts which might be 
damaged by normal cleaning 
methods can be cleaned when 
bathed in hot sudsy water vibrat- 
ing at a pitch beyond the range of 
the human ear. 

Ultrasonic cleaners work by 
“cavitation.” In this little-under- 
stood phenomenon, “pressure pock- 
ets” formed by high-frequency 
sound waves travelling through the 
water in the cleaning tank “im- 
plode” against any solid surface in 
the water, loosening the dirt. 

A typical ultrasonic unit consists 
of a tank filled with solution, us- 
ually water, a source of high-fre- 
quency electricity, and a transduc- 
er, The transducer is a ceramic 
slab or a laminated combination of 
metals placed in a magnetic field. 
The slab vibrates when electricity 
is passed through it. 
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Since its inception nearly 23 years ago, 
the Jet Propulsion Laboratory has given 
the free world its first tactical guided mis- 
sile system, its first earth satellite, and 
its first lunar probe. 

In the future, under the direction of the 
National Aeronautics and Space Admin- 
istration, pioneering on the space fron- 


“We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 
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... THE EXPLORATION OF SPACE 


tier will advance at an accelerated rate. 

The preliminary instrument explora- 
tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 


“Who can tell what we will find when we get to the planets? 


CALIFORNIA 


will be made of the moon and the plan- 
ets and of the vast distances of inter- 
planetary space; hard and soft landings 
will be made in preparation for the time 
when man at last sets foot on new worlds. 

In this program, the task of JPL is to 
gather new information for a better un- 
derstanding of the World and Universe. 


Who, at this present time, can predict what potential benefits 
to man exist in this enterprise? No one can say with any accu- 
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
are obligated to do these things, as human beings:’ 


DR. W. H. PICKERING, Director, JPL 


INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 


PASADENA, CALIFORNIA 


Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
INFRA-RED ¢ OPTICS « MICROWAVE ¢ SERVOMECHANISMS * COMPUTERS ¢ LIQUID AND SOLID PROPULSION « ENGINEERING MECHANICS 
STRUCTURES ¢ CHEMISTRY « INSTRUMENTATION * MATHEMATICS AND SOLID STATE PHYSICS 
Send professional resumé for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 
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Could This Be You? ? 


HRB engineers are in continual and productive 
liaison with America's defense agencies. 


Here is the rare opportunity to expand your knowledge while making 
a significant contribution in the military research and development 
area. As a member of an HRB project team, you may become an 
important figure at every level of creative engineering—from con- 
ception through development. Some of the most challenging military 
problems, including enemy surveillance and new missile tracking 
techniques, have been solved through the cooperative research of 
many engineering minds at HRB. Rapid advancement, congenial 
small town living, company-paid graduate study at The Pennsylvania 
State University—all these are elements that lead to a rewarding 
career in applied research with HRB. 

If you want to be a part of the challenging activities going on in 
military and industrial electronic research, the man pictured above 
could very well be you. 


TECHNICAL APPOINTMENTS ARE BEING MADE IN THE FOLLOWING 
AREAS: Communications « Countermeasures ¢ Reconnaissance ¢ Intelligence « Human 
Factors © Weapons Systems Studies and Analysis ¢ Nuclear Physics ¢ Antenna 
Systems © Astrophysics * Operations Research, 


Write in confidence: Personnel Department R-5, HRB-Singer Inc. 
Indicate your interests along with a resume—an interview will be 
planned accordingly. 


HRB-SINGER, INC. 
H R B A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 


Science Park, State College, Pa. 
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The development of motor-car 
engines, and other machines hav- 
ing much vibration, has concen- 
trated attention upon devices for 
locking nuts upon bolts. In the re- 
cent discussion of this subject at- 
tention is called to the fact that, 
for ordinary motor-car work, a well- 
fitted nut tightened upon a well- 
fitted thread will not slip under 
vibration if the number of threads 
is more than 12 to the inch. Such 
bolts and nuts should be secured 
with spring-lock washers, They are 
then safe up to a bolt diameter of 
over three-quarters of an inch. The 
Sibley Journal—March, 1910. 


It has recently been discovered 
that the rare atmospheric gas neon 
readily becomes luminous under 
the influence of electric waves, and 
it is suggested that the property 
may afford a means of visually 
reading wireless telegraph mes- 
sages. Prof. W. L. Dudley experi- 
mented with a tube of neon during 
an Atlantic voyage in July and 
found that the gas glowed beauti- 
fully in response to the waves sent 
out from the wireless apparatus of 
the ship, but the received waves 
were apparently too weak to affect 
it sensibly. Further experiment may 
result in the discovery of a means 
of utilizing this property of neon 
as a detector of received signals. At 
present it is employed to measure 
the length of the electric waves 
sent out. The length of those tested 
by Professor Dudley was about 
800 feet. The Sibley Journal— 
March, 1910. 


New applications of electricity 
are being discovered daily, but not 
every new application is of as much 
interest or importance as one re- 
cently developed for purifying the 
air of reading rooms and other 
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close places where large numbers 
congregate. The apparatus referred 
to is the ozone generator installed 
recently in the Chicago Public Li- 
brary to purify or ozonize the ten 
thousand cubic feet of air that is 
forced into the main reading room 
every minute, After the installation 
of the ozonizing apparatus it was 
found that the main reading room 
was completely deodorized, the air 
being freed of that disagreeable 
and deleterious odor which for 
years had so thoroughly permeated 
all papers, books, furnishings, and 
so forth, in this large room. The 
fresh sterilized “mountain” air in the 
room reduced the humidity during 
the hot, oppressive days of summer, 
and greatly increased the comfort 
of the readers and employees. The 
installation is an automatic process, 
keeping books, periodicals and 
papers on shelves, racks and tables 
in a hygienic condition. The Sibley 
Journal—March, 1910. 


The Westinghouse Machine Co. 
of East Pittsburgh, Pa., has just is- 
sued a pamphlet describing their 
Engineer Apprenticeship system. 
The course of training lasts 5480 
hours or about two years and the 
apprentices are paid twenty cents 
per hour for the first year and 
twenty-two cents the second, For 
overtime and holidays credit will 
be given and the pay will be one 
and one-half times the regular rate. 
Any senior who wishes to apply 
for admission to this course should 
obtain from Professor Ford, 15 
Franklin Hall, the form for appli- 
cation. The Sibley Journal—March, 
1910. 


From the beginning of inter-col- 
lege athletic contests, the C, E. 
undergraduates have entered with 
a spirit that has given us the po- 


sition of leaders. But our continu- 
ance in first place will be only as 
a result of hard work and effort on 
the part of the students. At this 
time last year we held an undis- 
puted lead. At present the College 
of Agriculture shares first honors 
with us, each having scored 17 
points. Moreover, the “Ags” are 
making a desperate effort to beat us 
in that which has always been our 
strongest point—crew. This year 
they will have the advantage of 
owning their own boat, and if we 
are to win our men must train hard. 
Crew practice has already started 
and we hope the initial enthusiasm 
shown by the first candidates will 
continue. With the new boat-house 
additional interest will be taken in 
this sport, but aside from holding 
the championship in this event we 
must beat Agriculture to again 
win the leadership in intercollege 
athletics. The Civil Engineer— 
March 1910. 


A writer in Revue Scientifique 
discusses the effects of ivy growing 
on walls of various kinds, and ar- 
rives at the following conclusions: 
It is not advisable to allow the 
plant to grow on walls formed of 
newly cut stone, since it soon de- 
stroys the smooth surface, although 
the damage does not extend to any 
noticeable depth; it is bad for 
ancient walls of cut stone, the 
joints of which have been opened 
by the various effects of time and 
the weather; it is not injurious on 
brick walls, if the inhabitants are 
not subject to rheumatism; and it 
is useful on ancient walls of rubble, 
since its interlaced branches tend 
to prevent the fall of loose stones. 
The Sibley Journal—March, 1910. 


The owners of the old Everett 
House, which was located at the 
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corner of 17th St. and 4th Ave., 
New York City, decided last Au- 
gust to replace the structure with 
a modern sixteen story office build- 
ing. 

In order to have the building 
ready for the coming renting sea- 
son it was necessary to complete 
the same by February first, thus 
allowing a period of less than six 
months for the demolition of a 
large building and the complete 
erection of a much larger one, 

The contract to furnish the 
building in the specified time was 
taken by the Geo. A. Fuller Com- 
pany. The time limit required the 
performance of a feat considered 
practically impossible by all New 
York builders, although they had 
become accustomed to phenomenal 
records in building construction. 
The structural steel work presents 
the greatest difficulty to a builder 
wishing to make speed. After care- 
fully examining the facilities and 
capacities of the various plants, the 
Fuller Company decided to offer 
the contract for furnishing and 
erecting the six million pounds of 
steel required, to the Hay Foundry 
and Iron Works, of Newark, New 
Jersey, provided they could agree 
to complete the entire structure in 
eleven weeks. The contract was ac- 
cepted with the understanding that 
five of the eleven weeks should be 
for the preparation of the work in 
the shop and the remaining six 
weeks to complete the erection in 
the field. The drawings were hur- 
riedly but carefully prepared by 
Purdy & Henderson, under the di- 
rection of the Architects, Messrs. 
Starrett & Van Vleck. 

Two weeks after the signing of 
the contract the steel began to ar- 
rive from the mills, and the shops 
began work on the plain rolled 
shapes. On October 10th, the foun- 
dations were turned over com- 
pletely to the Hay Foundry and 
Iron Works. The steel work was 
shipped and hauled to the site, 
which covers an area of fourteen 
thousand square feet, and a corps 
of over a hundred skilled erectors 
were put to work on the erection. 

Twenty-eight days after the 
foundation was received by the 
steel erectors the flag was flying on 
the seventeenth tier, the entire steel 
work was set, riveted in place, and 
painted; two weeks before the time 
originally contemplated. The fire- 
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proofing of the floors and the out- 
side walls of the building came 
well along with the steel, and all 
records for steel construction of 
such magnitude were left far be- 
hind. ( The Cornell Civil Engineer, 
January, 1909) 


The motor sleigh which Lieuten- 
ant Shakleton used on his dash to 
the South Pole drew considerable 
attention in England because of 
the excellent condition in which 
it came through the ordeal and the 
method by which it was operated. 
In all its vital parts the machine is 
as good as new, and there never 
was a breakage. Even the tires 
that were used are in marvelously 
good condition. 

So intense was the cold that the 
lubricating oil, although of special 
quality, froze up at once in the 
tank and pipes. A can of oil had 
to be slung close to the engine to 
keep it warm, and this thawed oil 
was used from time to time as re- 
quired. A small quantity had to be 
poured into the base chamber ev- 
ery five minutes. When it was de- 
sired to start the engine, a small 
tray, fixed around the carburetor, 
was ignited and served to warm up 
the carburetor, so enabling the gas- 
oline to become vaporized for con- 
sumption in the engine. Despite 
the drawbacks of a temperature of 
thirty degrees below zero, the en- 
gine worked to great satisfaction. 
The Sibley Journal—March, 1910. 


There are many movements so 
rapid that the eye cannot see them, 
yet attempts are being made, and 
with partial success, to catch such 
movements with kinematograph 
cameras and reduce the action to a 
speed that can be clearly seen. 

The picture-taking machine that 
has met with the most success so 
far is the invention of Privy Coun- 
cillor Cranz of Berlin, and it takes 
no less than five thousand pictures 
a second. The secret is the use, for 
illuminating purposes, of the elec- 
tric spark, each spark representing 
a fresh picture. Among the sets of 
pictures taken of rapidly moving 
bullets is one which shows a bone 
being penetrated by a rifle bullet, 
and a bullet entering a bladder 
filled with water. The films, run 
through the projecting machine at 
a slower speed than that at which 
they were taken, show the bone 
hanging free, the bullet approach- 


ing it gradually, piercing and split- 
ting it, and proceeding on its way. 
The films also show parts of the 
powder gases leaving the barrel of 
the gun before the shot.—The Sib- 
ley Journal, February, 1910. 


The compressing of a complete 
engineering course into the four 
years usually allotted requires the 
elimination of all non-essentials, A 
broad basis for future work which 
may embrace any or all of the 
multifold fields into which engi- 
neering is now divided necessitates 
a grounding in the fundamentals 
of science, covering the first two 
years of the course and the details 
of these various fields of endeavor 
demand all of the energies of the 
student during his last two years. 
Consequently those who formulate 
the curriculum can find no room, 
try as they may, to place any of tize 
broader studies, which according 
to theory at least, tend most to give 
a man that elusive, and among en- 
gineers sometimes despised, quality 
known as culture. The history of 
our country and of the progress of 
man must have been learned, so far 
as the requirements for an engi- 
neering degree are concerned, be- 
fore entering college; the delights 
of literature, our own or foreign, 
must be a matter of personal ap- 
plication; philosophy is an un- 
known science, and the elements of 
economics which the engineer is 
called upon to dig into, are but the 
bugbear of the junior year, Ob- 
viously then if the engineering stu- 
dent is to acquire any knowledge 
out of his own specialized line, he 
must make the effort himself, with- 
out the aid of an enforced appli- 
cation, which, since human nature 
is feeble, is the best way in which 
the ordinary student will absorb 
knowledge. — The Civil Engineer, 
February, 1910. 


The use of loose-leaf notebooks 
seems to be increasing in favor 
with engineers, judging from recent 
articles in the engineering papers. 

The advantages are that all are 
readily accessible. In the case of 
sketch cards, they may be laid out 
to give a continuous and connected 
sketch of a road, railroad, profile, 
etc. When in the field the engi- 
neer need not carry the notes of 
other surveys with him, but only 
the ones needed.—The Civil Engi- 
neer, February, 1910. 
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The “Surveyor” was built by National Steel and Shipbuilding Corp. for the U. S. Coast and Geodetic Survey. 


Aboard the new 5% million dollar “Surveyor”... 
Grinnell Pipe Hangers and Supports 


GRINNELL CONSTANT-SUPPORTS — Maintain full 
safety factor in high temperature, high pressure 
systems. For loads from 26 Ibs. to 57,500 Ibs., with 
travels up to 16 inches. 


102% of 


The “Surveyor” has been called “the finest survey- 
ing vessel in the world.” This ship... a two masted, 
single screw, steel vessel with a length of 292 feet, 
beam of 46 feet, and a light displacement of 2070 
tons ...is powered by a single 3500 SHP steam tur- 
bine. The cruising radius is 10,500 miles with 30% 
fuel reserve. 

Safety for the high pressure, high temperature 
piping system aboard the new “Surveyor” was 


GRINNELL SPRING HANGERS — Provide minimum GRINNELL VIBRATION 
variation in supporting force — variation of only BRAC 
rated capacity per 1/2 inch deflec 
standard models. 21 sizes — 50 Ibs. to 28,200 Ibs. 


Aiea 


pe. . ONTROL AND 
—Dampen vibration, oppose pi 
and absorb shock. 3 sizes give full 
forces from 200 to 1800 pounds. 


SWAY 
sway 


tion for leflection 


entrusted to Grinnell. Spring hangers and sway 
braces, designed and detailed by Grinnell, provide 
flexible support for piping throughout the entire 
range of movement caused by thermal expansion 
and sway. 

Grinnell offers the services of trained field repre- 
sentatives and design services for consulting engi- 
neer firms. For your future hanger requirements, 
get in touch with Grinnell Co., Providence 1, R. I. 


GRINNELL 


AMERICA’S #1 SUPPLIER OF PIPE HANGERS AND SUPPORTS 
Pipe, Fittings, Valves, Hangers, Heating and Piping Supplies * Branch Warehouses and Distributors from Coast to Coast 


ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 


MARCH 1960 
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CRESCENT TYPE SH-D 5000 VOLT 
TRAILING CABLE 


For supplying power to electric shovels, dredges, etc. 
Shielded to assure protection to personnel and equipment. 


CRESCENT Wires and Cables are produced with modern equipment to the most exact- 
ing specifications. Every foot is subjected to searching electrical tests during manu- 
facture and in the finished form. 


CRESCENT INSULATED WIRE & CABLE CO. 
TRENTON 5, N. J. 





C. Edward Murray, Jr. ‘14 








E N [; | N E E H _ AUTHENTIC RECORDINGS 
OF NATURE'S AMAZING VOICES 


SECURE YOUR FUTURE NOW ARE AVAILABLE 


with one of the oldest manufacturers of IN OUR BOOK DEPARTMENT 


refrigeration in the world. Songbirds of America... ... ree, 
The Mockingbird Sings ... : Se 


Engineers nceded per oe 9 Music and Bird Songs ....... 5.00 


HOME OFFICE Voices of the Night ... 6.75 
design Jungle Sounds .. SE eos he ar 


application Western Bird Songs SR eye 2.50 
development Florida Bird Songs Sg ae a 
American Bird Songs, Vol.| .......... 7.75 
American Bird Songs, Vol. Il. ........ 7.75 


A Field Guide to Bird Songs .......... 10.00 
Postpaid 


erection 
sales 


distributors On Hi-Fi, 78 rpm and 3314 rpm 
To enable you to fill these positions in the fast 
growing field of commercial refrigeration, Frick 
Company offers a special training course at the 
home office. 
Write for details and applications today. 


The Cornell Campus Store 


DEPENDABLE REFRIGERATION SINCE 1882 


E:RICKC Kt) : Barnes Hall 


WAYNESBORO, PENNA., U.S. A. 
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Why Frank G. selected 
HAMILTON 
STANDARD 


| Slpeseteea G. has now chosen a company to launch his en- 
gineering career. Previously we have shown you how he 
gave Hamilton Standard a thorough looking-over. He was 
impressed by the spectrum of skills built into Hamilton 
Standard’s products and the advanced planning program 
that predicts future technical and economic trends. Also he 
learned that participation in small project, design or analy- 
sis groups permitted unusual latitude to express his ideas 
and to get a job done. 


CONCLUSION—Hamilton Standard offered career satis- 
faction and management potential. 


Frank noted that Hamilton Standard, and United Air- 
craft Corporation, offer the country’s finest privately owned 
research laboratories. Hamilton Standard is well diversified. 
Products range from tiny thermoelectric generators for sat- 
ellites to the complex environmental conditioning system 
for the Convair 880. And, of course, the picturesque Con- 
necticut countryside promises leisuretime living at its best 
... With New York and Boston just a few hours away. 

CONCLUSION—Hamilton Standard’s facilities, products 

and locale are superior. 


GRADUATE STUDY COMPLETES THE PICTURE 


Frank G. considers Hamilton Standard’s graduate study 
program the finest in the industry... and this sealed the 
verdict. Knowing that the continuation of his studies will 
enhance his opportunities for advancement, Frank plans to 
take advantage of the company’s tuition-paid study pro- 
gram at a choice of universities such as Rensselaer, Yale, 
Trinity, Columbia. Yes, Hamilton Standard scored high on 

Frank G.’s “career exam.” 
CONCLUSION—Whether you are an EE, ME, AE or 
MET why not take a good look now? 


Write to Mr. R. J. Harding for 
“ENGINEERING FOR YOU AND YOUR FUTURE” 


HAMILTON STANDARD 


DIVISION OF 
UNITED AIRCRAFT CORPORATION 
BRADLEY FIELD ROAD, WINDSOR LOCKS, CONNECTICUT 


MARCH 1960 


Every type of technical talent has helped create the Engineering Excel- 
lence of Hamilton Standard’s products including aerodynamics, thermo- 
dynamics, vibration, servomechanisms, electronics, structures, reliability. 


Assistant Project Engineer Don Coakley, BSME M.1.T. '52, points out per- 
formance test reading of a turbo compressor unit to Senior Test Engineer 
Dick Wilde, BSME Yale ‘56, Test Engineer Jim Holsing, BSME Brown ‘59, 


Connecticut offers one of the country’s most desirable living areas. 
Choose from city, suburban or urban homesites ... unlimited recrea- 
tional and cultural facilities. 
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ENZES 


Manufacturers of Super-Refractories Only 





REFRACTORY CRUCIBLES 
GRAPHITE CRUCIBLES 
HIGH-TEMPERATURE CEMENTS 
SPECIAL REFRACTORY BRICK, TILE, SHAPES 


From the Following Materials:— 


GRAPHITE ——— SILICON CARBIDE FUSED ALUMINA —— MULLITE 
MAGNESIA ZIRCON 
also 
CUSTOM PRODUCERS OF ELECTRICALLY FUSED REFRACTORY GRAINS 


LAVA CRUCIBLE-REFRACTORIES CO. 
PITTSBURGH, PA. 











Next Month in 
One of Ithaca’s 


the Cornell , F 
nicest eating places ee 


engineer 


History of Pipelines The COLLEGE SPA 


216 EAST STATE STREET 


Space Medicine 


; Your host, 
New Concrete Design Pete Atsedes 


and Construction Methods 
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CUSTOM CIE: CASTINGS SINC 
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STRESS aud STRAIN... 








Three little tykes were bragging 
about the prowess of their dads. 
The first boy said: “My dad writes 
out a few short lines, calls it a 
poem, sends it away and gets ten 
dollars for it.” 

“My dad,” spoke up the second 
boy, “makes some dots on a piece 
of paper, calls it a song, sends it 
away and gets twenty-five dollars 
for it.” 

“That's nothing,” spoke up the 
third. “My father writes a sermon 
on a sheet of paper, gets up in the 
pulpit and reads it, and it takes 
four men to bring in the money.” 


° coy oO 


A husband answering the phone: 
“How do I know? Why don’ 
you call the weather bureau?” 
“Who was that?” asked his wife. 
“Some fool wanted to know if 
the coast was clear.” 
° o ° 
Home from the Capitol, a busi- 
nessman looked out of the window 
and saw a big log floating down 
the river. He pointed it out to his 
engineering friend and said, “That 
reminds me of Washington. There 
are about 10,000 ants on it and 
each one thinks he’s steering it.” 
° 2 o 
HIM: “Why is it you have so 
many boy friends?” 
HER: “I give up.” 
° Q SJ 
And then there was the sopho- 
more who sowed his wild oats on 
Saturday night and went to church 
Sunday to pray for crop failure. 
° ° = 
A college education is one of 
the few things a person is willing 
to pay for and not get. 


oO ° ° 


Employer (in a rage): “Who 
told you that just because I’ve 
kissed you a few times you could 
loaf around all day and neglect 
your work?” 

Stenographer: “My attorney.” 

° ° ° 


Notice in want ads— 
Young man transferring from en- 
gineering to arts would like to 
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trade one good study lamp for a 
comfortable bed. 


oO oO Qo 


An enemy, I know, to all 
Is wicked, wicked alcohol. 
The Good Book, though, com- 
manded me 
To learn to love my enemy. 


oO ° oO 


Two men were flying east in 
a plane, making the first air trip 
of their lives. The plane touched 
down at St. Louis, and a little red 
truck sped out to its side to refuel 
it. The plane landed again in 
Cleveland and again the little red 
truck dashed out to it. The third 
stop was Albany and the same 
thing happened. 

The first of the two men looked 
at his watch and turned to his 
companion. “This plane,” he said, 
“sure makes wonderful time.” 

“Yep,” said the other, “and that 
little red truck ain't doing so bad 
either.” 


Qo 2 ad 


“Oh! dear, I've missed you so 
much.” Then she raised the revolv- 
er and tried again. 


2 a * 


(Q) was low and Schmidt suf- 
fered little lost work content in 
knocking him out to infinity with 
a severe blow on his negative 
charge. Eddy made a quick come- 
back with acceleration (a) strip- 
ping off Schmidt’s outer electrons; 
this so upset the villain’s equilibri- 
um that he was converted into 
cosmic radiation and vanished in 
the realms of space, leaving Eddy 
the resultant vector in the combat. 

Old Cat Ion, attracted to the 
spot by Schmidt's oxidation, 
beamed upon the young dipole. 
“Brave young lad,” he emitted, 
“you have satisfied the boundary 
conditions and by the theorem of 
uniqueness are the only one for my 
daughter. 

“Our love will not be transient,” 
said Eddy as he formed a closed 
circuit about her. 

“Darling, we'll raise a one par- 


ameter family of second order 
infinitesimals,” murmured Anne 
happily. As time (t) approached 
infinity, they lived happily. 


oO a * 


“How's your patient, Doctor? 

“Coming along fine, thank you. 
This morning he took a turn for the 
nurse. 

a ° = 

Jimmy was assigned by his 
teacher to write a composition 
about his origin. He questioned 
his mother. 

“Mom, where did Grandma come 
from?” 

“The stork brought her.” 

“Well, where did you come 
from?” 

“The stork brought me, and you 
too.” 

So the small modern wrote as 
the introduction to his composi- 
tion: “There have been no natural 
births in our family for three gen- 
erations.” 

cod a a 

An then there was the lady who 
owned a parrot that cursed with 
every breath. 

Unable to find a solution to her 
problem she asked the advice of 
her minister. The minister sug- 
gested that she take his parrot, 
that prayed continuously, home to 
live with her parrot for a few days. 

A few days later the minister 
was surprised to notice that his 
parrot had ceased to pray. Inquir- 
ing the parrot replied, “I got what 
I was praying for.” 

= a a 

Visitor on the campus: What’s 
the name of this school? 

Student: Sorry, I’m just a foot- 
ball player here. 


* °° oO 


You know, they also have a 
slogan in Russia: “Vote for the 
party. The life you save may be 
your own. 

o 2 * 

Student Nurse: “Every time I 
bend over to listen to his heart, his 
pulse rate goes up alarmingly. 
What should I do?” 

Intern: “Button your collar.” 
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Though the building is not yet built, this 
is a view from one of the apartments. 


How to look out a window before the building is up 


With 180 “view”apartments 
to sell, the developers 

of The Comstock 

turned to photography 

to get a jump on sales 


A feature of The Comstock, San 
Francisco’s new co-operative apart- 
ments on top of Nob Hill, will be 
the spectacular panoramic views 
of the Bay area from their picture 
windows. 

How could these views be spread 
before prospective buyers—before 
the building was up? The devel- 
opers, Albert-Lovett Co., found the 
answer in photography. From a 
gondola suspended from a crane, 
color photos were made from the 
positions of the future apartments. 
Now, the sales representative not 


only points out the location of a 
possible apartment on a scale 
model, but shows you the view 
from your window as well. 

Photography rates high as a 
master salesman. It rates high in 
other business and industry tasks, 
too. The research laboratory, the 
production line, the quality control 
department and the office all get 
work done better and faster with 
photography on the job. 

Whatever your field, you will 
find photography can save you 
time and cut costs, too. 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 





CAREERS WITH KODAK 


With photography and photographic proc- 
esses becoming increasingly important 
in the business and industry of tomorrow, 
there are new and challenging opportu- 
nities at Kodak in research, engineering, 


If you are looking for such an inter- 
esting opportunity, write for infor- 
mation about careers with Kodak. 
Address: Business and Technical 
Personnel Dept., Eastman Kodak 


Company, Rochester 4, N. Y. 


electronics, design and production. 





Q. Why does your company have train- 
ing programs, Mr. Abbott? 


A. Tomorrow’s many positions of major 
responsibility will necessarily be filled by 
young men who have developed their 
potentials early in their careers. General 
Electric training programs simply help 
speed up this development process. 

In addition, training programs provide 
graduates with the blocks of broad ex- 
perience on which later success in a 
specialization can be built. 

Furthermore, career opportunities and 
interests are brought into sharp focus 
after intensive working exposures to 
several fields. General Electric then gains 
the valuable contributions of men who 
have made early, well-considered deci- 
sions on career goals and who are con- 
fidently working toward those objectives. 


Q. What kinds of technical training pro- 
<9grams does your company conduct? 


A. General Electric conducts a number 
of training programs. The G-E programs 
which attract the great majority of 
engineering graduates are Engineering 
and Science, Manufacturing, and Tech- 
nical Marketing. 


Q. How long does the Engineering and 
Science Program last? 


A. That depends on which of several 
avenues you decide to take. Many gradu- 
ates complete the training program dur- 
ing their first year with General Electric. 
Each Program member has three or four 
responsible work assignments at one or 
more of 61 different plant locations. 
Some graduates elect to take the Ad- 
vanced Engineering Program, supple- 
menting their work assignments with 
challenging Company-conducted study 
courses which cover the application of 
engineering, science, and mathematics to 
industrial problems. If the Program mem- 
ber has an analytical bent coupled with a 
deep interest in mathematics and physics, 
he may continue through a second and 
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Interview with 


General Electric’s Earl G. Abbott, 


Manager—Sales Training 


Technical Training Programs 
at General Electric 


third year of the Advanced Engineering 
Program. 

Then there is the two-year Creative 
Engineering Program for those graduates 
who have completed their first-year 
assignments and who are interested in 
learning creative techniques for solving 
engineering problems. 

Another avenue of training for the 
qualified graduate is the Honors Program, 
which enables a man to earn his Master’s 
degree within three or four semesters at 
selected colleges and universities. The 
Company pays for his tuition and books, 
and his work schedule allows him to earn 
75 percent of full salary while he is going 
to school. This program is similar to a 
research assistantship at a college or 
university. 


Q. Just how will the Manufacturing 
Training Program help prepare me for 
a@ career in manufacturing? 


A. The three-year Manufacturing 
Program consists of three orientation 
assignments and three development 
assignments in the areas of manufacturing 
engineering, quality control, materials 
management, plant engineering, and 
manufacturing operations. These assign- 
ments provide you with broad, funda- 
mental manufacturing knowledge and 
with specialized knowledge in your 
particular field of interest. 

The practical, on-the-job experience 
offered by this rotational program is sup- 
plemented by participation in a manu- 
facturing studies curriculum covering 
all phases of manufacturing. 


Q. What kind of training would | get 
on your Technical Marketing Program? 


A. The one-year Technical Marketing 
Program is conducted for those graduates 
who want to use their engineering knowl- 


edge in dealing with customers. After 
completing orientation assignments in 
engineering, manufacturing, and market- 
ing, the Program member may specialize 
in one of the four marketing areas: appli- 
cation engineering, headquarters market- 
ing, sales engineering, or installation and 
service engineering. 

In addition to on-the-job assignments, 
related courses of study help the Program 
member prepare for early assumption of 
major responsibility. 


Q. How can I decide which training 
program | would like best, Mr. Abbott? 


A. Well, selecting a training program is 
a decision which you alone can make. You 
made a similar decision when you selected 
your college major, and now you are 
focusing your interests only a little more 
sharply. The beauty of training programs 
is that they enable you to keep your 
career selection relatively broad until you 
have examined at first hand a number of 
specializations. 

Furthermore, transfers from one Gen- 
eral Electric training program to another 
are possible for the Program member 
whose interests clearly develop in one 
of the other fields. 


Personalized Career Planning 
is General Electric’s term for the 
selection, placement, and pro- 


fessional development of engi- 


neers and scientists. If you would 
like a Personalized Career Plan- 
ning folder which describes in 
more detail the Company’s train- 
ing programs for technical gradu- 
ates, write to Mr. Abbott at Sec- 
tion 959-13, General Electric 
Company, Schenectady 5, N. Y. 


Progress /s Our Most Important Product 
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